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Rule 2. of the Degree of Doctor of Science requires the 
submission of published scientific work uith notes on its 
sources, assistance given by other uorkers and the previous use 
of such publications towards the obtaining of other degrees. 
Copies of published uork are attached to this Thesis. The re-
quired information is contained in the follouing list: 
a) Publications uhich have been used to obtain a Doctor's 
Degree.  
1) Absorptions4pektrographische und chemische 
Untersuchungen Ober chemische Kampfstoffe. 
95 pp. (Plipai, Budapest, 1937). 
2) Hadigailzok oldatainak abszorpcils spektrumai 
.„ / Dagyar Chem. Folyiorat, 42 (4-9) pp. 1-7 (1936). 
3) H. LOHLF2 and J. POLYA: Lgsungsspektren chemischer 
Kampfstoffe. - Helve 'Chim. Acts, 19, pp. 283-287 
(1936), 
4) H. LOHLER and J.B. POLYA: Chemische Kampfstoffe II. 
Lichtabsorption in Beziehung zur chemischen 
Konstitution. - Hely. Chim. Acts, 19, pp. 1222-1239 
(1936). 
5) H. DOHLER and J. POLYA: Chemische Kanvestoffe III. 
Spektroskopischer Nechueis. - Hely. Chim. Acts, 19 9  
pp. 1239 - 1242 (1936). 
1) has been submitted as a Thesis for the D. Cc. Tech 
of the ETH„ Zurich; 2) contains suggestions concerning 
the correlation of colour and toxicity of uar gases rhich 
are discussed more fully in 1); 3) is a preliminary 
publication; 4) and 5) contain the major theoretical 
and applied results of 1). 
Work reported in these publications has been initiat-
ed by Dr. H. Uohler. All experimental work, calculations, 
bibliography and toxicological portions are the author's 
; 
work. The theoretical portions have been written in 
close collaboration with Dr. H. Lohler. The latter 
supervised the work. 
3,4,5) have been drafted by Dr. H. Uohler and the 
author in close collaboration and appear with small 
changes in 1). 	The rest of 1) and the whole of 2) have 
been prepared by the author, the latter with the assis-
tance of Herr J. Sorge. 
b) Publications relating to work from which the author has 
withdrawn for the time being.  
6) H. NOHLER snd J. POLYA: Uber KirschWasser V. 
Absorptionsspektrophotometrie des r:Icchses und 
der Wachssgure. - Zschr. Miters. Lebensmittel, 
73, pp. 171 - 176 (1937). 
7) H. UOHLER and J. POLYA: Absorptionsspektren 
einiger aroi ,latischer Ester. - Rely. Chin. Acts, 
20, pp. 96 - 100 (1937). 
8) E. HAWORTH, I.LI. HEILBRON, W.11. JONES, A.L. UORRISOU 
and J.B. POLYA: The Oxidation of Vitamin-A by the 
Oppenauer Reagent. II. - J. Chem. Soc., 1939, 
pp. 128 - 132. 
9) A.H. COOK, D.G. JONES and J.B. POLYA: 
compounds. III. Absorption Spectra. - J. Chem. Soc., 
1939, pp. 1315 - 1320. 
10) New Reactions of 2,2 1 -Dichlorodiethyl Sulfide. - 
Ind. Eng. Chem., Anal. Ed., 15, 360 (1943). 
11) Improved micro-method for the detection of nitrogen 
in organic compounds. - Rev. Fac. Cienc. Univ. 
Coimbra, 15 (1), pp. 5-8 (1946). 
12) J.B. POLYA and 0.G. INGLES: Removal of Bromine 
and Iodine from Sugar Solutions. - Austr. Chem. 
Inst. J., 14, 519 (1947). 
13) E.M. TRAUTNER and J.B. POLYA: Notes on a Variation 
of the Schotten-Baumann Reaction. - Aust. Chem. 
Inst. J., 15, pp. 52-54 (1948). 
In publicationi6), 7), 8) and 9) the author's work was 
limited to spectrographic work, including both'experi-
mental work and discussion of the theoretical aspects 
of the results with the other authors. In 9) the spectro-
graphical work was shared with D.G.Jones although the 
author was concerned with most of the reported spectro-
graphic measurements. In all these cases the papers 
have been drafted by other authors. - The author suggest-
ed the idea reported in the short note 12); this was 
verified by 0.G.Ingles and later by the author. - 
E.M. Trautner suggested the method described in 13) and 
he carried out the first experiment with cinnamic acid. 
The author checked this, improved the method and applied 
It to the other acids reported in the paper. 	The author 
collected the references and drafted the paper. 
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c) Publications on current research projects.  
14) J.B. POLYA and P.L. TARDREW: Amides I. Prepara-
tion of Diacetimide. - J. Chem. Soc., 1948, 
pp. 1081-1083. 
15) J.B. POLYA and T.M. SPOTSWOOD: Atnides I. 
Acylation of Amides to Diacylimines. — 
Rec. tray. chim. 67, pp. 927 - 941 (1948). 
16) J.B. POLYA and T.M. SPOTSWOOD: Amides III. Notes 
on the Separation and Assay of Some Diacyltimines. - 
Austr. Chem. Inst. J., 15, pp. 445 - 446 (1948). 
17) A.L. GOOD and J.B. POLYA: Extraction of Lignin by 
Acetonitrile. - .Austr. Chem. Inst. J. 16, 
pp. 180 - 184 (1949). 
18) J.B. POLYA and T.M. SPOTSWOOD: Acetic Propionic 
Anhydride. - J. Am. Chem. Soc., 71, 2398 (1949). 
19a) J.B. POLYA and D.L. INGLES: Organo-cobalt Corn-
pounds. - Nature, 164, 447 (1949). 
19b) D.L. INGLES and J.B. POLYA: Preparation of Organo-
cobalt Compounds. - J. Chem. Soc., 1949, pp. 
2280 - 2282. 
20) J.B. POLYA and P.L. TARDREW: Amides IV. The Use 
of Di sc etimi de in the Perkin Reaction. - Rec. 
tray. chim., 68, pp. 566 - 572 (1949). 
21) J. B. POLYA and T. M. SPOTSWOOD: Amides V. 
Ultraviolet Absorption Spectra of Diacylimines. - 
Rec. tray. chim., 68, 573 - 578 (1949). 
All these publications have been initiated by the author 
who has also organized and supervised the reported 
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investigations, compiled the references and drafted the 
papers. The author is solely responsible for the 
theoretical portions of these papers. Idore than half 
of the analytical work in 17) has been carried out by 
the author. Analytical work relating to the other pub- 
lications has been carried out by the co-authors or 
others whose assistance has been acknowledged in the 
papers. 
All experimental work relating to new compounds 
or new procedures has been carried out by the author 
either in the first instance or in checking experiments. 
The rest of the work has been carried out in the author's 
laboratory under his direct instructions. - 19e) is 
fully covered by 19b). 	Thus the inclusion of a reprint 
of 19a) was not thought to be necessary. 
d) Papers in course of publication.  
22) P.DUTIN and J.B. POLYA: Amides VI. Studies on 
Acetamide and Diacetimide. - Rec. tray. chim., 1950. 
23) J.B.POLYA and P. DUNN: The Use of Acetamide in the 
Meiostagmin Reaction. - Cancer Research, 1950. 
24) J.B.POLYA and K.N.VALLANCE: Notes on the Chemistry 
of Alkali Lignin. - Roy. Austr. Chem. Inst. J.,1950. 
These paDers have been set up in print and are expected 
to appear late during 1950. 	The work in these papers 
has been originated by the author. All analytical de-
terminations and physical measurements have been carried 
out by the co-authors except in 23). Li,ost of the syn-
thetic experiments, identification tests and some of the 
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meiostegmin tests (in 23) are the author's uork who 
has also collected the references and drafted the 
papers. The figures of 22) and 23) have been drawn by 
P.Dunn. 	Other papers in course of publication are also 
submitted. Acknowledgements in respect of such papers 
will be made in the appropriate sections. 
e) Popular articles on scientific subjects.  
-i) Economics of Vitamins in Australia. - Austr. Food 
Uanufacture, 11 (8), pp. 3 - 4 (1942). 
ii) Food and Cancer. 	ibid., 12, (7), pp. 3 - 4 (1943) 
iii) Vitamin C. - ibid., 12 (8), pp. 3 - 7 (1943). 
iv) Notes on the etymology of some pseudo-Arabic 
scientific terms and on some Arab cosmologists 
of the pre-Copernican period. - Letters to the 
Editor, Austr. J. of Pharmacy, February and April, 
1945. 
v) Life. - FOCUS, June 1947, pp. 7 - 9. 
Reprints or photocopies of these articles are not avail-
able but they are not relevant for the purpose of this 
Thesis. 
f) Other publications. 
vi) Chemical Education in Tasmania. - J. Chem. Ed., 26, 
PP. 82 - 85 (1949). 
vii) Guide to the Study and Profession of Chemistry, 
Hobart, 1949, II and 22 pp. 
These publications are submitted partly because they have 
some bearing on chemical matters and partly to permit 
external examiners to assess the advantages and 
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disadvantages of carrying out scientific work, like 
the one submitted in the Tesle r in Tasmania. These pub-
lications have been cocipiled from official publications 
after consultations with teachers and chemists in Tas- 
mania. "Chemistry as a Profession in Australia", a 
publication by the Australian Chemical Institute, 
supplied some material for vii). 	This pamphlet has 
been published by the Tasmanian Branch of the Royal 
Australian Chemical Institute. It has been distributed 
amongst teachers and pupils of Tasmanian secondary 
schools and interested members of the Institute in other 
States. 
g) Unpublished work.  
Work under this heading will be reported in the following 
parts:- 
A. A Thesis entitled STUDIES ON THE CIPLIISTRY OF A= 
which deals with diacylimines, a new modification 
of the Perkin reaction, 1,2,4-triazoles and some 
biochemical investigations. 
B. Uiscellaneous minor investigations. 
In the Thesis and to a lesser extent in B. portions of 
previously published work will be reconsidered in the 
light of evidence gathered after the publications had 
been made. As regards the author's share in this work, 
the notes under 2c) apply, particularly in portions 
submitted in the form of manuscripts of papers which 
are in course of publication. In general, all 
theoretical considerations and bibliographic reviews 
are the author's own work unless stated otherwise. 
Experimental work reported without acknowledgment re-
presents work done by the author in the first instance 
or alone. Experimental work shared with a co-author 
will be indicated thus: with N.N.. Experimental work 
carried out by the author's students independently from 
the former will be indicated thus: bx N.L. Further 
experimental details may be obtained from Theses com -
pleted under the author's direction. A list of these 
Theses follows with initials which will be used for 
purposes of reference: 
A.L. GOOD (A.L.G.) : An Investigation of the Extraction 
of Lignin from Tasmanian Timbers with Nitrogenous 
Reagents. --- Honours Thesis, 1947. 
T.M. SPOTSWOOD (T.M.S.) : A Study of the Diecylimines. 
Honours Thesis, 1948. 
A.D. DARGAVILLE (A.D.D.) : Investigations on the 
Oxidation of 1,2-Aminonaphthol. --- Honours Thesis, 
1949. 
P. DUNN (P.D.) : An Investigation of Sortie Aspects 
of the Biochemistry of Cancer and Other Related 
Problems. --- Honours Thesis, 1949. 
N.K. VALLANCE (N.K.V.) Lignin - A Study of Some 
of Its Reactions and Properties. --- Honours Thesis, 
1949. 
P.L. TARDREW (P.L.T.) : The Synthesis and Reactions 
of Diacylimines. 	Master's Thesis, 1949. 
T.M. SPOTSWOOD : Studies in the Preparation and 
-ix- 
Chemistry of Some Ethene Derivatives. --- Laster's 
Thesis, 1949. 
D.L.INGLES (D.L.I.) : An Investigation of Organo-
cobalt compounds. --- Ph.D. Thesis, 1949. 
Details of experimental work reported in publications 
and Theses will be given only when such repetition 
appears to be necessary to maintain the unity of treat-
ment. At the tine of submitting this Thesis work is 
in progress on a number of problems to which reference 
will be made in the following pages. Incomplete ex-
perimental work will be reported qualitatively only. 
It should be understood that in such cases full experi-
mental data will be published as soon as possible. 
References to work listed in the Preface are shown 
under different numbers, in order of occurrence, in 
sections with separate bibliographic lists. This some-
what inconvenient arrangement is due to the desirability 
of maintaining the identities of papers in course of 
publication. 
In the major section of this Thesis the author has 
attempted a compromise between presenting the material 
In the form of a review of past and present work and 
arranging it to show the gradual development of the 
author's own work. 	The author wishes to apologize to 
readers who find this arrangement inconvenient and ex-
presses the hope of having this section published in the 
form of a proper review. 
—x— 
The following grants are gratefully acknowledged:- 
1) Ur. E.J.Hallstrom, F.R.Z.S. : Grant for the in-
vestigation of some biochemical aspects of cancer 
and related problems. 
ii) Tasmanian Forestry Commission : Grants to inves -  
tigate problems related to the chemistry of lignin. 
iii) Electrolytic Zinc Co. of A/asie Pty. Ltd. : Grant 
for investigations on cobalt. 
iv) Commonwealth Research Grants for investigations 
reported in Sections A and B. 
Finally, the author wishes to acknowledge the help 
of Prof. E.E. Kurth, Ur. G.C. Israel and other members 
of the Chemistry Department who have discussed and crit-
icized the author's work and eased the burden of admin-
istrative work involved in his investigations. 
si- 	Itri9, 
A. (1TUDIES ON  THE  CHEMISTRY OF AMIDES . 
Table of Contents 
. Introduction 	  2 
	
I. Laacylimines     5 
1) Nomenclature and classification 	  5 
2) Occurrence  7 
3) Preparation 	  9 
a) Elimination of ammonia flora two mmIde molecules  	10 
b) Acylation of ammonia , amines , amides and other 
functional groups containing nitrogen 	24 
c) Addition of acids and acyl halides to nitriles 	64 
d) Other methods of preparation 	 O 	71 
4) Physical properties and structure 74 
5) Chemical reactions  81 
6) Acetyl phosphamide   	90 
II.The Brunner reaction 	  .94 
V. Biochemical studies    105 
Addenda 	  110 
References  112 
Attached papers in course of publication : 
J.B.Polya , P.L.Tardrew Colorimetric assay of diacylimines . 
P.Dunn , J.B.Polya : Studies on Acetamide and Alacetimide . 
J.B.Polya , T.M.qpotswood : The use of diacylimines in the 
Perkin reaction . 
J.B.Polya , T.M.Spotswood Benzylidene and purylidene bisamides. 
J.B.Polya , P.Lunn : The use of acetamide in the meiostagmin reaction. 
W.D.Jackson 	J.B.Polya : Cytological effects of 1,2,4-triazo1es I . 
■ ■ ■ ■•■ ■ ■ 
-2— 
A. STUDIES ON THE CHEMISTRY OF AMIDES 
Introduction. 
The larger pert of this section is devoted to a preliminary 
survey of simple diacylimines. Karrer's Lehrbuch der Organischen 
ChenaV provided the first incentive towards the investigation of 
this class of compounds with the words : "Es mind such sekundgre 
und tertiare Saureamide bekannt, die aber weniger Interesse 
besitzen". Relatively few compounds of this class have been 
described and even fewer were studied systematically from a chem-
ical point of view, particularly during the last 30 years. 
The well—known technical difficulties of the Gabriel syn-
thesis of primary amines have led the author to consider variations 
of the method involving secondary amides (diacylimines) other than 
phthalimide. The first investigations prising from these consider-
ations are reported in this section but it will be seen that the 
original problem leading to these investigations has received 
little attention so far. 
Experimental work in this field has been initiated in 1946 when 
the author joined the staff of the University of Tasmania. At 
that time shortage of chemicals, equipment and assistants and the 
lack of analytical services called for research projects which 
could be pursued with a reasonable hope of success in spite of 
these handicaps. The study of diacylimines appeared to be a suit-
able subject from this point of view partly because of lack of 
detailed information on the most elementary features of the 
chemistry of this class of compounds, partly because the work was 
less dependent on analytical work than more spectacular studies 
on the chemistry of naturally occurring compounds and other 
complex organic substances. 
Preliminary investigations on diacylimines were carried out 
by the author alone in 1946. These investigations drew attention 
to the advantages of the acid catalyzed acylation of amides, the 
possibilities of the modified Perkin reaction, some aspects of the 
Brunner synthesis and the mild denaturing effect of diacylimines 
on proteins. 
The first of these points Was investigated with P.L.Tardrew 
in 1947, restricting the work to diacetimide alone (1). 	The 
preparation of other diacylimines was investigated with T.LI.Spots- 
wood in 1948 (2) with particulcr reference to the possible reaction 
mechanisms. An extension of the work to the preparation of 
N-substituted diacylimines was undertaken with P. Dunn in 1950. 
The main results of this work (which is being prepared for publi-
cation) will appear in this survey while other features of it, with 
which the author was not associated to any great extent, will be 
incorporated in a U.Sc. Thesis which is being drafted by P.Dunn. 
The modified Perkin reaction between benzaldehyde and dia-
cetimide has been studied with P.L. Tardrew (3) during 1948 and 
1949. The work was continued with T.U. Spotswood during 1949 and 
1950; two papers in course of publication and additional results 
appear in this survey. 
The Brunner synthesis was investigated with P.L. Tardrew 
during 1948-1950 and later with U. Atkinson and Dr. A.Komzak. 
The chemical portion of the work cannot be considered complete. 
None of our workers could give undivided attention to this inter-
esting problem so far but it is hoped that the first pert of the 
work will be completed early in 1951. 	In the meantime some data 
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have been obtained with W. Jackson on the c-mitotic and anti-auxin 
effects of a feu 1,2,4-triazoles. 
On noting the mild denaturing effect of diecetimide, attempts 
were made to investigate its usefulness in meiostagnin reactions (4) 
This work was carried out with P. Dunn during 1949 and with 
A. Parkes, occasionally assisted by P. Dunn, during 1960. Although 
diacetimide proved to be unsatisfactory, promising results were 
obtained with acetemide. This work necessitated the investigation 
of the structure and stability of acetemide and diacetimide. 	Work 
on this subject carried out with P. Dunn during 1949 is in press 
but later portions of the work are far from being complete. 
Notes on the analysis and absorption spectra of diacylimines 
have been published with T.U. Spotswood (5, 6). 	Investigations 
with P.L. Tardrew on the modified Lipmann-Tuttle assay (7) adapted 
for use in the determination of discylimines is in course of pub-
lication. 
Synthetic experiments leading to the preparation of acetyl 
phosphamide have been carried out with G. Brett during 1950. 
Publication of the results is being deferred pending checking 
experiments and biochemical investigations. 
The oxidation, reduction and halogenation of some simpler 
diacylimines has been studied by the author. Notes on these re-
actions are intended to complete this survey rather than to pre-
sent final and exhaustive data on these subjects, 	The following 
topics related to these investigations are receiving special , 
attention at present: 
Wohl-Ziegler reactions with N-bromodiacetimide 
The "Meerwein reaction" with diacylimines. 
A few preliminary data will be presented on the preparation 
and reactions of the N-magnesium bromide derivative of diacetimide. 
Diacylimines.  
1) Nomenclature and Classification.  
Compounds of this class are defined here by the general formula 
R-NXY where X and Y are acyl-groups and R represents hydrogen, 
alkyl, aryl or other groups. With R standing for an acyl-group 
we have triacylimines, a class of compounds with very few repre-
sentatives, which will not be considered at present. 
Before proceeding to a classification of diacylimines, the 
term itself deserves some attention. 	Since all compounds in this 
class may be regarded as acylated amides, the term diacylimide, 
cf. phthalimide, would appear more logical. 	Most of the work re- 
ported in this Thesis seems to stress this aspect of these com-
pounds but projected work which has received little experimental 
attention so far will be more concerned with the amine portion 
and may justify the adopted term. 	Nomenclature facilitating the 
search for literature would have been desirable but the existing 
methods of classification defeated this aim. Thus Beilstein class-
ifies diacylimines of the type R.CO.NH.CO.R t under acids and those 
of the type R.CO.NR".00.1e under amines (R" = alkyl or aryl) or 
acids (R" = acyl). 
Although no particular sub-group of the class of diecylimines 
has a greet many known representatives the whole class presents a 
scope which is beyond the power of experimental survey at a small 
institute. Purely inorganic diacylimines, e.g. H203P-NH-P03H2 
are unknown or their existence or structure are in doubt, 	These 
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will not be considered at all. 	Mixed organic-inorganic di- 
acylimines are of great theoretical, and possibly practical, 
interest but only a few types of this kind will be considered in 
this work. N-haloamides maybe considered as diacylimines if the 
halogen is regarded as the acyl rest of the corresponding 
hypohalous acid. Acetyl phosphamide, CH3CO-NH-P03112 is the 
nitrogen analogue of acetyl phosphate. The biochemical import-
ance of the latter has been recognized recently (8, 9) and its 
nitrogen analogue should be important also. Acylated sulpha-
nilamides may be considered to belong to the same sub-group but 
will not be considered. 
Organic diacylimines of the type R-CO-NR"-CO-R , received 
most attention in this study. Here again it was necessary to re-
strict the scope of investigations by defining It ° and 04* as or-
ganic radicals linked through a carbon atom to the neighbouring 
(formal) CO group. 	This eliminates from our consideration 
acylated ureas and related compounds which, however, form one of 
the best investigated sub-groups of the class of diacylimines owing 
to their narcotic or sedative properties. If R and Rif are parts 
of the same organic radical, we have cyclic imides like phthalimide 
or succinimide. Compounds of this kind have received much 
attention in the past and continue to be of interest to many 
chemists. Since it is desirable to keep the review sections to a 
minimum, such cyclic imides will not be considered in detail. The 
chemistry of discylimines derived from dicarboxylic or otherwise  
substituted acids (e.g. hydroxy- and amino- acids) present an 
almost virgin field to the investigator. It is proposed to ex-
amine such compounds at a later stage although reference will be 
-7- 
=de to some halogenated diacylimines. At present most of our 
attention is centred on the simplest diacylimines with R and Rr 
as alkyl or aryl groups. As indicated before, diacylimines with 
R" other than hydrogen have received little attention so far; soue 
preliminary work on such compounds will be presented in this 
Thesis. 
As in the case of other classes of compounds, diacylimines 
will be termed symmetrical if R and R' are identical. If otherwise, 
they will be termed unsymmetrical or mixed diacylimines. Brief 
references to other compounds more or less related to diacylimines 
will be found in later sections. 
2) Occurrence.  
Diacylimines are comparatively stable and are readily formed. 
It is surprising therefore that no simple diacylimines have been 
isolated from natural products. Such en argument may be misleading, 
of course. Diecylimines are less soluble in water than the 
corresponding amides unless solubilized by additional functional 
groups. This almost excludes the probability of finding di-
acylimines in biological materials with the exception of a few 
simple diacylimines of low molecular weight, since solubilizing 
functional groups are likely to interact with the -CO-NH-CO- group. 
It is possible, however, that diacylimines play some role as 
Intermediates in biochemical processes. Their formal similarity 
with anhydrides may facilitate the formation of energy-rich bonds 
without the biological disadvantages of the more reactive 
anhydrides. 
Acyl phosphates are the only group of anhydrides which are - 
commonly found in biological systems, although in very small 
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quantities only (8, 9). Advantage is taken of this fact in the 
assay of Tcetyl phosphate end similar compounds by Lipmann and 
Tuttle (7) who react the anhydridic compound with buffered 
hydroxylamine to obtain the fairly stable hydroxamic acid. The 
purple ferric chloride colour reaction of the latter is compared 
with a suitable standard. Under the described experimental condi-
tions anhydrides only give a colour reaction of comparable intensity 
Since the absence of ordinary anhydrides may be assumed, the test 
is considered significant. Details of the behaviour of diacylimines 
in this reaction will be given later but it may be mentioned now the 
diecylimines, as expected, react to hydroxamic acids and, if present 
In the biological system, would interfere with the assay of acyl 
phosphates. It is true that the optimum conditions for the assay 
of diacylimines are not quite identical with those of acetyl 
phosphate and related compounds but the new modification has been 
Introduced merely to perirtiA the assay of very insoluble diacyli-
mines (e.g. acetyl benzamide) which are not likely to occur in 
biological systems. Soluble diacylimines like diacetimide can be 
assayed under the conditions set out by Lipmann and Tuttle. The 
author has carried out acetyl phosphate assays on defibrinated 
and centrifuged samples of normal and cancerous blood. 	The assays 
were conducted by the Lipmann—Tuttle method and were negative in 
every case. Repeating the assay with the modification of Polya and 
Tardrew (with a slight excess of alkali during the reaction with 
hydroxylamine) some sere from diabetic patients, but none from 
cancerous patients or normal persons, gave a faint but unmistakable 
colour reaction. 	There was not enough clinical material to 
present s final conclusion but it seems to be safe to say that the 
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samples concerned were free from the usual acyl phosphates and 
the modified test succeeded owing to the presence of a less 
reactive and/or less soluble compound of enhydridic character 
but different from the known acyl phosphates. This finding does 
not prove the presence of diacylimines in some diabetic sera 
but it supports the probability of finding such compounds in nature 
The preceding arguments refer to true diacylimines only but 
It is justified to regard as diecylimines some other substances. 
Thus uracil, thymine, uric acid, xenthine and isoalloxazines may 
be formulated as diacylimines. Cytosine, methyl cytosine and 
guanine may be formulated as acyl amidines which are clearly re-
lated to diacylimines. By the same argument and by synthetic 
evidence 1,2,4-triazoles may be considered as close relatives of 
diacylimines. Compounds of this class have not been reported to 
occur in nature but their close similarity to simpler azoles of 
biochemical importance should encourage work on the possibilities 
of competition between 1,2,4-triazoles and related compounds on 
either side, that is pyrimidines etc. with diacyliadne.; character 
and azoles (imidazole and thiazole derivatives). 
3) preparation.  
The methods for the preparation of diacylimines, with the 
imide function not contained in a cyclic structure, may be class-
ified as follows:- 
a) Elimination of the elements of ammonia from two amide 
molecules; 
b) acylation of ammonia, amines, amides and other functional 
groups containing nitrogen; 
c) addition of carboxylic acids to nitriles; 
• 
A discussion of preparative methods must take in consideration 
structural problems. Il might appear therefore that a discussion 
of the structure of diacylimines should precede that of preparative 
methods. It was felt, however, that a final solution of the problem 
of the structure of diacylimines cannot be offered at this stage 
of our knowledge and that an introduction to structural problems 
through the evidence of synthetic experiments would constitute a 
method of approachthich has been amply justified throughout the 
history of organic chemistry. 
a) Elimination of ammonia from two amide molecules.  
Many pure amides of not too high molecular weight can be dis-
tilled without decomposition under atmospheric or reduced pressure. 
Although the boiling points of amides are high (e.g. acetamide, 
b.p. 222° ), there is no evidence for the formation of diacylimines 
by the reaction 
2 RCONH2 	.;1 RCONHCOR + VH3 	...al) 
and condensation in the absence of catalysts is excluded. 
The position is not quite as simple in the case of amides which 
boil with decomposition. Thus the attempted distillation of 
cinnamsmide resulted in the formation of water, styryl cyanide, un-
changed cinnamomide and unidentified terry products. The formation 
of small amounts of dicinnamamide, (PhCH:CHCO)21M, would have been 
difficult to prove by isolating this compound in a pure state from 
small scale experiments but extracts of all fractions of pyrolysed 
cinnamsmide with alcohol, ether, petroleum ether, chloroform and 
hot water were tested by the original and modified Lipmann-Tuttle 
reaction without positive results. Benz:amide boils without decompo-
sition at 2900 if the distillation is conducted with care. 	Rapid 
heating of small quantities or superheating the vapours of benzamide 
afford small, varying quantities of dibenzamide and tribenzamide 
both of which give the hydroxamic acid reaction. 
Strecker (10) obtained negligibly low yields of diacetimide 
by heating acetamide in a stream of hydrogen chloride. Acetamidine 
and acetonitrile were amongst the byproducts. 	The poor yields 
might have been due to lack of control over the quantity of hydrogen 
chloride and the reaction temperature. 	This method gave similar 
unsatisfactory results in the hands of Otto and TrOger (11) and 
Schmidt (quoted by Schulze, 12) and is of no practical value. 
Polya and Tardreu (1) controlled the quantity of hydrogen chloride 
by the use of bisecetemide hydrochloride, 2AcITH 2 .HC1, and the 
temperature by carrying out the reaction in ethyl acetate (13.13.77 ° ) 
and technical isoamyl acetate (b.p. 120-140 ° ). 	In the former 
solvent refluxing for 20 hours did not affect the acetamide, 99% 
of which was recovered. The mother liquors from this experiment did 
not give the hydroxamdc acid reaction by the original Lipnann-Tuttle 
method. (The modified method was avoided in this case so as to 
minimize the reaction of ethyl acetate). Refluxing in the higher 
boiling solvent for 2 hours afforded diacetimide (21.4%), acetamide 
and bisacetamide hydrochloride (4.8%) and ammonium chloride (85.5%). 
The yields are calculated on the assumption that the reaction can 
be represented by equation al). The recovery of ammonium chloride 
is not far from quantitative. Loss of hydrogen chloride at 
100-120° (where the reaction proper does not take place) may account 
for the shortage of amuonium chloride. At the same time the re-
coveries of diacetimdde and acetamide are significantly lower than 
that of ammonium chloride and indicate the occurrence of unwanted 
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side-reactions, In fact acetonitrile (31.2 - 43.2%), could 
be isolated by fractionating the low boiling distillates and small 
amounts of acetamidine (0.9 - 1.3%, as picrate) were isolated from 
the high boiling residue. The recovery of the two latter compounds 
was not quantitative since attempts to obtain pure products re-
duced the yields. One may summarize the results of these experi-
ments as follows: 
i) In the presence of hydrogen chloride, but not without it, 
and at temperatures above 1200 acetamide affords diacetimide 
with elimination of ammonia. 
ii) Side-reactions, particularly the formation of acetonitrile i 
predominate and thus the reaction is not suitable for 
preparative purposes. 
There is no advantage in using a higher concentration of 
hydrogen chloride, e.g. by substituting acetamide hydrochloride, 
AcEH2 .H01, for bisacetamide hydrochloride, as the former loses 
hydrogen chloride readily to give the latter. This occurs even 
in chloroform solution at room temperature at a rate of loss of 
about 2% hydrogen chloride per hour. Experiments with bisacetemide 
hydrochloride do not indicate whether the hydrogen chloride acts as 
a catalyst or whether it is required in quantities equimolar with 
the ammonia liberated in reaction al): Further experiments have 
shown that very little hydrogen chloride is required (1/100 - 1/20 
mol for 1 mol amide) and that an increase of the hydrogen chloride 
concentration reduces the yield of diacylimine through the formation 
of nitrile. This is particularly noticeable when acetyl chloride 
or thionyl chloride are used as sources of hydrogen chloride. In 
these cases, however, condensation of two amide molecules is not the 
-13- 
only reaction which takes place l and 	,,,eymy' the effects of 
these and similar compounds will be discussed in later portions 
of this chapter. 
Polya and Spotsuood (2) have found that unsymmetrical di-
acylimines are the main product when two different amides 
(e.g. acetamdde and chloroacetamide, benzamide end chloroacetemide; 
are heated together in the presence of less than 1/100 mol 
hydrogen chloride. 	Mien acetamdde, chloroacetamdde and a trace 
of chloroacetamide hydrochloride, C1CH2C0NH2 .HC1, are heated 
in xylene, which does not dissolve the latter two compounds but 
permits the decomposition of chloroacetemide hydrochloride into 
chloroacetamide and hydrogen chloride above 120-125 ° , the un-
symmetrical diacylimine is formed in traces only and the mein 
product is diacetimide. In any case the yields are poor in cora-
parison with those afforded by the "acylation" of amides and the 
importance of this reaction is due to the fact that it partici-
pates to some extent in processes which were regarded as pure 
acylations so far. 
Equation sl) does not describe the reaction correctly. 	If 
it occurred at all, good yields of diacylimines could be obtained 
without using hydrogen chloride, merely by conducting the re-
action at a high temperature and allowing the ammonia to escape 
from the reaction mixture. However no formation of diacylimines 
could be observed when acetemide, propionamide and benzanide were 
heated to 180-200° for 18 hours. 	Since yields of diacylimines 
of the order of 20% may be obtained uith less than 1% hydrogen 
chloride, the reaction cannot be represented by the equation: 
2 RCONH2 + H01 	 RCOVHCOR + ...a2) 
-14— 
unless it is assumed that the ammonim chloride decomposes fast 
enough at the reaction temperature to make the limited amount of 
hydrogen chloride available again. This assumption is excluded 
by the fact that ammonium chloride is quite stable at the temper-
atures employed for the reaction (120-1400). Furthermore when 
the amount of hydrogen Chloride is not sufficient to neutralize 
the ammonia formed during the reaction, evolution of amLionia may 
be observed. In view of these facts the reaction is regarded 
as analogous with the (formal) replacement of the amino groups 
of amides by hydroxyl, alkoxyl, hydrazine, hydroxylamino etc. 
groups, in this case by acylimino groups. Such reactions are re-
versible and formally similar to the reversible reactions of 
esterification and hydrolysis. The mechanism may be analogous 
with the Lowry mechanism of esterification (13, 14): 
OH 
R CONH-1,,2 	.)R- c- 	co R 	 ...a3) 
 
- 	 RCONHCO R NH 3 + 114 ...a4) 
Equation a4) is in good agreement with the following: 
i) hydrogen chloride acts as a catalyst; 
ii) ammonia is evolved; 
ill) elimination of RCOOH instead of ammonia accounts for 
the formation of amidines; 
Equation a3) is unlikely in this simple form as it represents a 
termolecular reaction. 	It is plausible to assume the inter— 
-15- 




which then reacts with a further molecule of amide. This 
assumption presents no difficulties when there is only one amide 
in the reaction mixture. When the reaction is applied to the 
preparation of unsymmetrical diecylimines one would expect the 
more basic amide to compete successfully for a limited supply 
of protons to form II. The latter again would be expected to 
react with the more basic amide, that is its own kind. In this 
way one would predict the formation of symidetrical diacylimines 
which is contrary to experimental findings. This discrepancy 
may be explained by considering that one proton polarizes several 
molecules of amides in its neighbourhood. As II approaches an 
amide molecule of its own kind, the proton will be "kept in 
equilibrium" by resonance 
c,-R ,.; 	 i 	> R - c 1 	 1 1 	 Ni.(2 	 2 




and I will not be formed with the same ease as when II approaches 
the less basic amide which cannot "tear away" the proton. This 
view is confirmed by the observation that the formation of un-
symmetrical diecylimines by the reaction under discussion takes 
place with much better yields (44-48%) than the analogous 
—16— 
-formation of symmetrical diacylimines. 
The existence of compounds like 2AcIIH 2.HC1, 2AcNH2 .11aBr, 
2AcNil2 .NaI (15) and similar complexes of aromatic amides (16, 17) 
is readily explained by the postulate of I and related structures 
although the bonding of sodium cannot be allocated safely to the 
nitrogen on the available evidence. 	The analogy of such com- 
pounds with some addition compounds of esters (18-21), strengthens 
the validity of the fundamental assumption underlying these 
arguments. 
The existence of Ac2NH.Ac14% (22, 23) can also be explained 
through a structure resembling I. 	Diacetimide is more acidic 
than acetamide and it may supply the proton necessary to form II. 
The subsequent step may lead either to a salt (III) or a covalent 
compound (IV): 
÷ 







When Ac21111.Acrili2 in ethereal solution is treated with dry hydrogen 
chloride — Strecker's method (10) — bisacetamide hydrochloride 
precipitates and diacetimide remains in ether. This reaction 
might suggest structure III if it is interpreted as the stronger 
acid (hydrogen chloride) driving out the weaker acid (diacetioide) 
from its salt. On the other hand if this interpretation were 
correct one would expect the formation of acetamide hydrochloride, 
which is contrary to experimental findings, and the considerable 
-17- 
solubility of a salt in ether would be difficult to understand. 
Thus IV appears more probable than III. The stability of the 
compound in ether and dissociation into ocetamide and diacetiLide 
in less polar solvents (petroleum ether, carbon tetrachloride) 
offers further proof against the ionic structure III but at the 
same time suggests that formulation with a comparatively strong 
dipole linkage might berreferable to IV. 
The formation of bisacetamide hydrochloride from an ethereal 
solution of acetamide treated with dry hydrogen chloride is pre-
ceded by a time leg of 10-30 minutes. The reaction is complete 
soon after the appearance of the first cloudy precipitation and 
is quantitative. Uhen chloroform is used as a solvent instead 
of ether there is little or no time leg. The precipitate in this 
case consists of acetamide hydrochloride which is not obtained 
in quantitative yield in this case since it is appreciably sol-
uble in chloroform. The time lag in ether solution may be ex-
plained through the successful competition of ether (a stronger 
base than acetamide) for protons. Significant formation of I and 
then II does not take place until the ether - hydrogen chloride - 
oxonium salt system reaches or approaches equilibrium. The great 
excess of unchanged amdde over II promotes the formation of I. 
The chloride of I precipitates and more I is formed to maintain 
the equilibrium of the amide - II - I system. In chloroform solu-
tion acetamide is more basic than the solvent. This leads to a 
rapid formation of II and inhibition of the formation of I through 
the comparative shortage of unchanged amide. Hence the precipi-
tlote is the chloride of II rather than that of I. However the 
formation of I is not completely inhibited since analysis of the 
-18- 
acetamide hydrochloride obtained by this method gives chlorine 
figures 2-3% below the calculated percentage. Propionamide, which 
is more basic than acetamide, affords the amide hydrochloride, 
EtCONH2 .HC1, from ether in agreement with these arguments. 
Butyramide precipitates incompletely as the amide hydrochloride, 
PrCONH .HC1, from ether while isobutyramide does not precipitate 
as hydrochloride from organic solvents. Evaporation of ether 
solutions of the latter amides after treatment with dry hydrogen 
chloride yields mixtures of varying composition which contain 
smell amounts of ammonium chloride and scyl halides in addition 
to unchanged amides. These facts may be explained by assuming 
that the importance of the imidol form is greeter in butyremide 
and isobutyramide than in acetamide end propionemide and that the 
following reactions take place with the imidols: 
,01-1 
R. C r.-- H '-HCt- 
Vr H a R C6 (f 
The same considerations apply to benzamide which mey react in the 
amide and imidol form. Treatment of its ethereal solution with 
dry WO hydrogen chloride in a very fine stream with good stirring 
gives 8 slight precipitate of PhCONH2•Ha which dissolves when 
excess hydrogen chloride is passed into the solution (experiment 
by T.M.S.). 	If the solution is evaporated under reduced pressure 
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the residue treated with liquid amuonia and allowed to evaporate 
to dryness, benzemidine may be recovered in poor yields (2-6%). 
This indicates the appearance of the iminochloride 8S an inter-
mediate the formation of which is more plausible through the 
imidol form. The transitory formation of PhCONH 2•HC1 may be ex-
plained equally well through the amide or the imidol form but the 
latter is more in agreement with the views of Titherley (24-26). 
The remark of Titherley (24) that acetamide fixes hydrogen 
chloride while benzamide does not is still correct for the purpose 
of his arguments although it must be interpreted somewhat 
elastically in view of our experiments. This matter will be con-
sidered later in another connection. 
The formation of diacetimide from acetemide and alkyl 
bromides at 200-2200 observed by Nicholas and Ericson (27) prob-
ably occurs through a mechanism related to the one under consider-
ation. This reaction has not been investigated experimentally 
by the author. The hypothetical equations 88) - a12) (from the 
imidol form) and a13) - 814) are offered merely to suggest that 
the proposed mechanism a3) - a4) may be applicable beyond the 
original scope of the author's investigations. 
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(Note that VIII could be formulated as 
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to give consistently the, unlikely, imidol structure to acetamide 
in the reaction.) 
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The protons liberated according to equations all), 812) and 814) 
would turn the system into one to which equations 83) and a4) are 
applicable. Thus the hypothetical mechanisms could take place to 
a very slight extent only and yet permit the catalysed condensation 
of acetamide which has been shown to occur with as little as 
-21— 
1/200 — 1/100 mol hydrogen chloride. 
Finally we shall consider the condensation of amides to 
diacylimines by heating with alkali metals in inert solvents. 
This method has been originated by Rakshit (28, 29, cf. 30) whose 
claims are represented by equations a15) — 816) 
2 RCONH2 + Na --.4 RCON(NICOR + NH3 	...a15: 
(X 
X 	alcoholic HC1 	> NaC1 + RCONHCOR 	000816: 
Parts has criticized Rakshit's work (31) and his criticism 
has been confirmed by the author's experiments (partly with P.D.). 
The formation of the sodium derivatives of dincylimines is 
accompanied by that of the sodium derivatives of the amides, 
(RCONH)Na, which account for 80-95% of the product in the case 
of propionamide and the isomeric butyramides and not less than 
60% in the case of acetamide. The mixture of sodium compounds 
cannot be separated. 	Dissolving in cold ethanol and precipitating 
with ether seems to be the most satisfactory method but the 
product is always contaminated by sodium ethoxide. The sodium com-
pounds of diacetimide, acetyl propionamide and dipropionimide are 
much more readily hydrolysed by water to the corresponding acids 
(as ammonium and sodium salts) than the diacylimines themselves. 
This may be due to the high concentration of sodium hydroxide 
formed through the simultaneous hydrolysis of sodium ethoxide. 
An alternative or additional explanation may be that the sodium 
In Rakshit's products is attached to oxygen rather than 




which would enhance hydrolysis (35). Attempts to prepare 
14-methyldiacetimide and triacetimide from "sodium diacetimide" 
obtained by Rekshit's method have failed. 	It will be seen, howevel 
that the well characterized and pure N-magnesium bromide derivative 
of diacetimide could not be used in analogous reactions either. 
The preparation of dihomoveratroimdde or its sodium derivative by 
Rakshit's method (with T.N.S.) was unsuccessful. 
A possible improvement of the method would consist of pre-
paring sodium amides (36, 37) and reacting them with free amides 
in boiling toluene and xylene. A few orienting experiments of 
this nature have been carried out but using reactants in U/10 
amounts did not afford diacylimines in amounts sufficient to permit 
isolation in a pure state. However the modified Lipmann-Tuttle 
test proved the formatien of diacylimines in small quantities. 
Comparing the colour intensities qualitatively only, it is suggestec 
that the modified Rakshit method is somewhat more successful when 
reacting the sodium derivatives of benzamdde and the isomeric 
butyramides with aromatic amides. There is considerably less 
diecylimine formation when the sodium derivatives of acetemide 
and propionamide are used. Benzamide does not appear to reset to 
form diacylimines with the sodium derivatives of the investigated 
aliphatic amides. Since the sodium derivatives of diacylimines 
(prepared by the direct reaction of sodium powder with diacylimines: 
give the Lipmann-Tuttle test, the conversion of the crude mixture 
of sodium compounds to diacylimines by alcoholic ethanol was 
omitted in order to avoid the possible hydrolysis of the traces 
of diaeylimines formed in this reaction. 
Decomposition of sodium derivatives of diacylimines with 
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ethanol is impracticable in Rakshit's original method since the 
crude product always contains some sodium protected by a layer of 
sodium amide and/or sodium diacylimine. As will be shown later, 
diacylimines are reduced by sodium and alcohol and the same Lias beer 
known about amides for some time (38, 39). 	Reduction to amines, 
although on a much smaller scale, occurs in the modified Rakshit 
process. This may be due to the occlusion of traces of sodium 
in the sodium amides or else a Dumas-Stas reduction (40, 41) may 
occur to some extent. These qualitative observations deserve 
further study since they tend to confirm the hypothesis of the 
enhanced imidol character of benzamide and the higher aliphatic 
amides. Lack of time and adequate physical equipment has pre-
vented the extension of the studies on the Various implications 
of the original and modified Rakshit reaction but it is hoped to 
devote some time to those problems in the near future. 	It will 
be seen that our qualitative experiments on the modified Rekshit 
reaction gave results similar to those obtained by Titherley in 
his more fully studied work on the reaction between sodium de- 
rivatives of amides and esters (42). 	It would appear from that 
work that the presence of -CH2-00- groupings either in the ester 
or the sodium amides inhibits the reaction. One possible implica-
tion of this will be considered later, after evolving further 
arguments leading in the same direction. 	Uodifications of the 
Rakshit reaction are more conveniently classified as acylations 
which will be considered in the next part of this chapter. 
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b) Acylation of ammonia, amines, amides and other functional  
groups containing nitrogen.  
The acylation of ammonia by ecyl halides is commonly used 
to prepare amides (43-47). Hofmann (48) noted the formation of 
diacylimine /r with isobutyryl chloride. The formation of tri-
acylimines was not noted by Hofmann in his series of experiments 
but Jaffe (49) observed the formation of dibenzemide and tri- 
benzamide from ammonium carbonate and benzoyl chloride. Although 
this method is not of great importance for the preparation of 
diacylimines it is of historical interest. On the theoretical 
side two features of this reaction deserve mention. A direct 
reaction of two molecules of acyl halide with one molecule of 
ammonia (or ammonium carbonate) to give a diacylimine is as un-
likely as most other reactions which appear termolecular in their 
simplest formulation. The assumption that amides are formed 
first and react subsequently with a second molecule of acyl halide 
to diacylimines (also with a third molecule of acyl halide to 
triecylimines in the case of some aromatic amides) is plausible 
but admits a number of more detailed explanations. One of these 
is that acyl halides ecylete by a mechanism analogous to that of 
anhydrides. Such en analogy exists in the case of Friedel-Crafts 
acylations (50-59). The present work was concerned mainly with 
the mechanism of acyletions by anhydrides. Should the assumption 
of an identical mechanism of acyletion prove correct at some 
later time, the arguments evolved with reference to anhydrides will 
apply to acyl halides also. However it will be shown in this 
section that there is some reason to believe that this assumption 
does not apply entirely to acyletions of amides by scyl halides. 
-25- 
A second possibility (49) is the dehydration of amides to nitriles 
with simultaneous hydrolysis of the ecyl halides to acids and 
hydrogen chloride followed by a Gautier reaction (22). 	This will 
be considered in part c) of this chapter. A third possibility 
Is the addition of acyl halides to the imidol form of amides 
with subsequent elimination of hydrogen chloride 
,O1-1 	 ,014 
+ ICL N61110W)- ›RMACOR + HCt ROO- 	fir 
This assumption is in agreement with ideas of Net (60) on the gen-
eral reactions of C=N functions. Nef did not consider the im- 
plications of his theories from the point of view of diacylimine 
syntheses but similar views have been expressed by other workers 
engaged in the study of diacylimines (25, 61, 62). In section 
a) arguments have been offered in favour of the increased import-
ance of the imidol form in isobutyramide and benzamide. The in-
creased yields of diacylimines from reactions between ammonia and 
acyl halides with likely intermediates of amides for which an in-
creased imidol character is postulated lend some support to this 
theory. There are empirical facts in favour of all three mech-
anisms. These facts are not numerous enough to decide the matter 
but it is suggested, on heuristic grounds, that all the three mech-
anisms participate to some extent in the formation of diecylimines 
(and occasionally triacylimines) from ammonia and acyl halides. 
The ammonolysis and aminolysis of esters under pressure 
(63-70) is a method of industrial importance for the preparation 
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of amides. 	In the absence of suitable pressure equipment, only 
a few small scale experiments of this kind have been carried out 
by the author. Attempts to prepare E-formyl amides by heating 
acetamide or benzamide with ethyl formte to 180-2000 for 4 hours 
failed. A similar reaction between acetamide and ethyl acetate 
afforded mostly unchanged products which gave a faintly positive 
Lipmann-Tuttle test. In the preparation of amides by this method 
ammonium chloride was found to have a catalytic effect (66-67). 
Discylimines are not formed in this reaction, at least not in 
significant quantities. 	This indicates that in the amide con- 
densations leading to diacylimines, which have been discussed 
under a), the ammonium chloride formed during the reaction is not 
8 catalyst. 
Brunner and his collaborators obtained diacetimide by treat-
ing potassium cyanate or thiocyanate with acetic anhydride 
(32, 71-73; cf. 74), Brunneres experiments were repeated by the 
author who was able to confirm the yields of 56-74 parts of di-
acetimide from 100 parts of potescium cysnate and 34-41 parts 
of diecetimide from 100 parts of potassium thiocyanate (Brunner : 
70-80 and 32 parts diecetimide respectively). An extension of 
this reaction to other anhydrides, particularly unsymmetrical 
anhydrides, would be desirable but shortage of time and the ready 
availability of diacylimines by cheaper methods moved the author 
to defer such experiments for later study. A similar method has 
been recommended for the preparation of N-aryl diacylimines by 
reacting aryl mustard oils or isocyanates with anhydrides (75-78). 
It will be shown in this section that a cheaper and more con-
venient method can be used in some cases. Hofmenn's method of 
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preparing diacetimide by acylating N,/'—methyl acetyl urea with 
acetic anhydride (33) is closely related to the ecylations of 
cyanates and thiocyenates but it is of too restricted scope to 
warrant detailed discussion. 
On comparing yields, expense and convenience of technique, it 
appears that the best method for the preparation of diacylimines, 
free from IT— substituents, is the acylation of amides by anhydride., 
or acyl halides. Reactants in these classes are readily available. 
The experimental technique is simple and good yields are obtained 
in many cases. The first attempt at a synthesis of this nature is 
due to Lindemann (79) who reacted acetamide and acetic anhydride 
with sodium acetate under pressure. This technique was simplified 
somewhat by Franchimont (80) but neither of these authors was able 
to obtain significant yields of diacetimide. Hentschel (81) in-
vestigated this reaction in detail and worked out a preparative 
method which was not improved until recently. Before considering 
the theory of this reaction, the technique of Hentscheles di-
acetimide preparation and that of our modification (1, 23) will be 
discussed in some detail since most of our diecylimine preparationE 
are derived from this method. 
Hentschel showed that sodium acetate has no catalytic effect 
on the acylation of acetamide by acetic anhydride and that the 
raised temperature of the reaction mixture (through the presence 
of sodium acetate) is deleterious since higher reaction temper-
atures decrease the yield of diacetimide by fort(ing the reaction 
Ac2 NH   AcOH + Mc= 4,0)2) 
to the right. Hentschel also drew attention to the importance of 
controlling reaction times. He gave 30 minutes as the optimum 
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time for the initial refluming of acetemide and acetic anhydride. 
This has been confirmed by the author and his asoistents in a very 
large number of diacetimide preparations which seem to indicate 
that as little as 10 minutes / increase or decrease of the reaction 
time recommended by Hentschel depres5.,es yields by 20-30%. The 
second step in Hentschelts procedure is the distillation of the 
lower boiling fractions of the reaction mixture (mainly acetic 
acid with a little acetonitrile and some acetic anhydride carried 
over by the vapours of the former two) under atmospheric pressure 
up to 1250 . 	Hentschel claimed that this part of the process is 
essential to complete the reaction. In confirmation of this the 
author found that the yield decreases if distillation is carried 
out in vacuum at this stage. The yields of higher diacylimtes 
do not appear to be affected by the substitution of vacuum dis-
tillation for distillation under atmospheric pressure. The time 
taken for the atmospheric distillation is expected to affect the 
yield of diacetimide. Hentschel did not consider this in detail. 
Variable results were obtained by the author and his assistants. 
From our present experience, it is suggested that 30 minutes for 
a 3-5M preparation is satisfactory. The third step in the Hentsch.t 
process is the removal of the excess acetic anhydride in vacuum 
followed by the collection of discetimide (with varying quantities 
of Ac2NH.AcNH2). 	This step presents no difficulties if care is 
taken to avoid both the clogging of the condenser by the solids 
and sublimation from the receiver. 
Hentschel purified the crude diacetimide by Strecker l s 
hydrogen chloride method (10). 	This method was followed by the 
author in earlier experiments. It was abandoned later owing to 
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a number of difficulties. Experiments with P. Dunn have shown 
that an ethereal solution of diacetimide may be converted quanti-
tatively to bisacetemdde hydrochloride by prolonged treatment with 
dry hydrogen chloride. Since the precipitation of acetamide 
present in the crude product is slow„the hydrogen chloride has 
time to decompose some diacetimide before the precipitation of the 
original acetamide is complete and it is very difficult to judge 
how to compromise between requirements of yield and purity. In 
the author's experience the precipitation of the original acetamdd( 
is complete in about 30 minutes in 3-5U experiments. While the 
hydrogen chloride generator is disconnected and during filtration 
there is some secondary precipitation of bisecetamide hydrochlorid( 
presumably due to the gradual decomposition of diacetimide. After 
a rapid second filtration and immediate neutralization of the ex-
cess hydrogen chloride further decomposition of diacetimide is 
avoided and diacetimide of correct analysis is obtained. The 
neutralization, however, presents further problems. Dry potassium 
carbonate or barium carbonate react too slowly. Addition of a 
few drops of water hastens the neutralization of hydrogen chloride 
but a little hydrolysis takes place during this process. With 
some experience large amounts of discetiraide of good melting 
point and analysis were obtained in good yield by this method 
of purification but further physical measurements drew attention 
to the unsatisfactory nature of the product (4, 23). Diacetimide 
purified by Strecker's method hydrolyzes much faster in cold 
water than diacetimide purified by recrystallization from petrol-
eum ether. 	This is not due to traces of retained hydrogen 
chloride or acetic acid since there is no significant change 
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between the pH values of fresh aqueous solutions of the two 
products. 5% solutions of diacetimide purified by Strecker's 
method have surface tensions varying around 50 dyne/cm (at 180 ) 
as against the readily duplicated value of 67.8 dyne/cm for 
diacetimide solutions of the same strength and at the same temper-
ature prepared from material purified by recrystallization from 
petroleum ether. When the unstable solution is brought to pH 
9 by the addition of potassium carbonate a high melting substance 
of unknown composition precipitates in small quantities while 
solutions of stable diacetimide do not give this reaction. 	PUPi- 
flotation by petroleum ether gives lower yields than those pub-
lished before (1) but this method deserves preference when di-
acetimide is required for critical physical and biological measure , 
ments. 
It has been noted by Polya and Tardreu that hydrogen chloride 
acetyl chloride or the hydrochlorides of acetamide considerably 
increase the yield of diacetimide from Hentschel's procedure (1). 
Our first experiments of this kind were undertaken on the assump-
tion that such reagents may afford diacetimide from a catalyzed 
condensation reaction in addition to that produced by a straight 
acylation of acetamide by acetic anhydride. It will be shown 
later that this assumption was not quite correct. Before pro-
ceeding to a discussion of the mechanism of the Hentschel process 
the preparation of diecetimide by the present process used in the 
author's laboratory may be of interest. This process was estab-
lished by the author. 	It has been checked with P.Dunn (23) and 
later in greater detail by Dr. A. Komzak whose modifications are 
quoted as follows: 
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Starting materials: 
Acetamide, distilled at 131-133 °/24-25 mm; m.p. 80-81° ; 
Acetic anhydride, freshly distilled, b.p. 138-140 ° ; 
Acetamide hydrochloride, prepared according to (1). 
Each experiment was carried out with 200 g. (3.3 mole) 
scetamide, 408 g. (4 mole) acetic anhydride and 20 g. 
(0.21 mole) scetamide hydrochloride in Quickfit apparatus. 
Hest scetsmide and scetsmide hydrochloride in s 1.5 
1. flask equipped with reflux condenser to about 130° 
(oil bath0 Add rapidly acetic anhydride which has been 
kept at 100° and continue heating. Boiling starts in 2 
minutes and is allowed to continue for exactly 30 minutes. 
Atmospheric distillation between 100-140 ° lasts 45 minutes 
and yields 266 g. low boiling material. Further 134 g. 
of low boiling material are removed by distilling under 
vacuum (55-1100/35 mm). The main product distils sharp 
in vacuum: 94°/2.5 mm, 93°/2.0 mm, 92 °/1.5 mm. 	The 
crude yield amounts to 209 g., m.p. 77-80°. The residue 
in the flask amounts to 7 g. end 2 g. of material are re-
tained in the cold traps. 
In 4 experiments (with minor variations) the yields 
were 202 g., 209 g., 214 g. and 202 g. In another ex-
periment which gave a yield of 185 g. the preheated re-
actants were distilled without refluxing. For recrystalliz-
ing, a mixture of 150 cc. acetone and 300 cc. petroleum 
ether (60-80° ) may be used for 200 g. crude product. The 
acetamide content of the crude material may be estimated by 
referring to the melting point curve of Dunn and Polya (23); 
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acetamide contents of 2-20% have been found in the crude 
products. Abot one recrystallization is needed to reuove 
6-7% acetamide. Thus three recrystallizations are needed 
for crude products containing 20; acetamide and one is 
sufficient when the acetamide content is 2% only. Loss on 
each recrystallization amounts to about 25%. The contents 
of the petroleum ether solutions from several experiments 
may be pooled and worked up as before. 
In the author's experiments using bisacetamide hydrochloride 
stopping atmospheric distillation at 125-128 0  and conducting the 
vacuum distillation at around 10 mm, crude yields vary between 
240-280 g. with acetemide contents of traces to 12%. Two or three 
recrystallizations from 12 cc. petroleum ether (60-800 ) per 1 g. 
crude product give 70-80% of the crude product as pure diecetimide, 
m.p. 79.5-80.51orr., surface tension 67.8 dyne/cm at 18° , free 
from triacetimide. Organic Syntheses checkers worked on a similar 
'method but purified the product by 8trecker's process. They re-
ported crude yields of 159-234 g..and pure yields of 114-156 g. 
However it appears that their vacuum distillation was not con-
ducted with sufficient care since the crude products obtained 
by them melted between 45-54 ° in three experiments and 60-62 ° 
in one experiment. The eutectic point of the acetamide-diacetimicb 
system is about 600 (23) and these results indicate the presence 
of lower boiling fractions in the crude product. The preheating 
of the reactants was omitted and it appears that the catalyst 
of the checkers lost hydrogen chloride through drying by in-
appropriate methods. (The catalyst loses its hydrogen chloride 
In vacuum or when stored over sulphuric acid, alkali and silica gd 
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The high boiling residues left in the distilling flask con-
tain some acetanidine (probably as acetate) and an unknown base 
which has not been investigated in detail so far. 
The acylation of acetanide by acetic anhydride was formulated 
by Hentschel as 
AcNH2 + Ac20 	IAc2NH + AcOH 	...b3) 
The formation of acetic acid and diacetimide from acetanide and 
acetic anhydride does not prove this simple "mechanism". 11.51. the 
followi4g possibility could be considered: 
2 AcNH2 	 A C 2 NH + NH 3 	 ...b4) 
Ac20 + NH3 ---÷ AcNH2 + AcOH ...b5) 
The summation of equations b4) and b5) would give b3) and in 
this case the formation of diacetimide would be due to the con-
densation of acetamide and acylation of ammonia. Such views, 
however, are not plausible. It was thought unlikely that acetic 
anhydride would be much more effective than hydrogen chloride as 
a condensing agent. In fact hydrogen chloride in small amounts 
Improves the yields of the Hentschel reaction which itself gives 
nearly three times the yield of diacetimide by condensation re-
actions without the possibility of acylation. The yield of the 
original Hentschel reaction is 50 parts of diecetimide from 100 
parts of acetamide according to that author and somewhat less 
in our experience (1). 	With acid catalysts the yield rises to 
more than 100 parts of diacetimide from 100 parts of acetamide 
which excludes a pure condensation mechanism. It may be objected 
that even a pure condensation mechanism could furnish one mol of 
diacetimide from one mol of acetamide by the regeneration of 
acetamide from ammonia either according to equation b5) or 
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AeOH + NH3 	AcONH4 	• • •b6) 
AcONH4 + Ac20 	AcNH2 2 AcOH 	...b7) 
Reactions b5) and b6-7) probably occur to some extent but b6-7) 
is expected to be the more important reaction (since acetic acid 
reacts fester with ammonia than acetic anhydride) and it is known 
to occur rather slowly. Thus the formation of acetemide in quan-
tities comparable with the original amount of reactant during the 
brief reaction time of the Hentschel reaction is unlikely. 
Acyletion of scetamide may be the only reaction in the original 
Hentschel process. If the condensation reaction occurs at all the 
products resulting from it are undistinguisheble from those of 
the scyletion reaction. Small amounts of ammonium acetate have 
been found in distillation residues from the original Hentschel 
synthesis of discetiuide but the formation of anuonium acetate 
does not prove the occurrence of the condensation mechanism as it 
may originate from acetamidine acetate,which is known to be presen' 
In the acid catalyzed Hentschel synthesis of discetimide and 
similar syntheses of other amides ammonium chloride is formed. 
The collection of ammonium chloride was not always possible but 
in a number of cases 8-25% of the amount expected from the conden-
sation mechanism were collected and ueighed. There was no questior 
of quantitative recoveries in any of these cases. The figures 
merely indicate the possible order of importance of the condensa-
tion reaction occurring simultaneously with the scylstion. It 
was seen that in the pure condensation reactions yields of 
discylimines decrease with an undue increase of the concentretion 
of hydrogen chloride or acetyl chloride. This effedt is not clear 
cut in the catalyzed Hentschel syntheses. Thus bisecetemide 
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hydrochloride and acetamide hydrochloride uhen heated with a 
30-33% excess of acetic anhydride give practically the same yields 
of diecetimide (1). 	The catalytic effect of acids on acylation 
was noted by Franchimont (82, 83) who, however, failed td apply 
it to the acylation of acetemide end relied on excess anhydride 
in his diacylimine preparations. This is rather surprising if 
one considers the following. Franchimont and Dubsky (84) noted 
that N.W-dicarbethoxy-s-diaminoacetone cannot be acylated with 
acetic anhydride alone but the diecetyl compound is readily ob-
tained if zinc chloride is used as a catalyst. Yet in the same 
paper these authors reported the tetra-ecetyletion of s-diamino-
acetone with a large excess of acetic anhydride in the absence of 
catalysts. Next it will be remembered that Franchimontv:s the 
first to suggest that the mechanism of sulphuric acid catalysed 
ecetylations involves the intermediate formation of acetyl sul-
phuric acid (85, 86). 	The formation of an addition intermediate 
In acid catalyzed acylations was confirmed by Smith and Orton 
(87, 88) who, like Skraup (89), Thiele (90) and Stiliich (91), 
were inclined to interpret their results in accordance with 
Franchimont's views. This theory received some support from the 
work of Francis (92, .93) and Butler (94) on benzoyl nitrate which 
benzoylates amines. 	This analogy was not very satisfactory since 
Francis himself has shown (93) that benzoyl nitrate forms ethyl 
nitrate with ethanol, nitrates aromatic compounds (including 
phenols) and may contain 15-20% benzoic anhydride. While these 
early investigations may be regarded as the first instances of 
the fruitful ideas which have led recently to the establishment 
of the importance of compounds like acetyl phosphate in biochemice" 
-36- 
reactions (8, 9), the application of the concept of proton catelys: 
(95) have led opinions in a direction close to modern views on 
catalyzed acylations. The catalytic effect of pyridine on 
acylations by anhydrides (96) led Boeseken (97) to suggest that 
ionization (action dissociante) is the governing factor in cata-
lyzed acylations. This, of course, is very similar to the notion 
of acid-base catalysis which was first formulated clearly by 
Lowry. 
Designating the condensation reaction leading to diacylimines 
as reaction A and the genuine acylations as reactions B we shall 
proceed now to a discussion of the possible mechanisms involved 
In the original and modified Hentschel syntheses. The increase 
of yield in the acid catalyzed Hentschel synthesis is of a higher 
order than the extent of. reaction A as indicated semi-quantitative. 
ly through the recovery of ammonium chloride. This suggests a 
B mechanism involving catalysed acylation. 	On recent views con- 
cerning acylations by anhydrides (98-103) the following mechanism 
(BI) may be considered in our case: 
RCO 	R co R cam 
Wen/ ti 	R ico " *---‹ ° CC- 
() 	 (11) 
fit R"(ONfil 
I CO•ICOR 14- 	- b9 ) 
( IV) 
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A second acylating mechanism (BII) must be postulated on consid-
ering that the original Hentschel reaction occurs with fair yield 
in the presence of acetic acid only and reaction A does not accoun 
for more than 0.5-1.0% of the yield judging from the amounts of 
ammonium acetate recovered after extracting the residues from 
the distillation with organic solvents. For form' reasons ex-
plained in a), such a reaction may be formulated on analogy with 
the hydrolysis of esters as an amidolysis of anhydrides: 
p- 0 t (reCokit) 1:1*- 	 m-icoce 
	
(or.e 	 ocofe (v) 
P 	a 
•% 	ONO ' "'OR 	R . 00 i 	N". 
This formulation approaches the view of Davies and Evans (104) 
on the hydrolysis of esters although it does not indicate whether 
an "acid" or "alkaline" process occurs. It may be considered 
that the reaction is initiated by the addition of proton or 
amidate anion: 
OH 
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Equations b12-13) are excluded by evidence showing that there Is a 
mechanism BII such that it is not catalysed by acids. In favour 
of equation b14) one my point out that anhydrides are basic 
towards smides judging from titration experiments in chloroform 
with thymol blue as indicator (2) which justifies the assumption 
of the existence of amidate ions in the presence of anhydrides. 
Acylation of bases like aniline with acetamide is in agreement 
with these views. In view of the loose bonding between protons 
and anhydrides it is assumed that in reality there may be very 
little difference between the formulations b10-11) and b14-15). 
Proofs for the suggested mechanism BI and BII are based on 
experiments in which R, lit and R" were varied (2). 	The following 
predictions were made: 
i) Mechanism BI will be catalysed by acids while BII will 
be inhibited in the presence of acids owing to the 
repression of the dissociation of the weakly acidic 
amide in the presence of a much stronger acid. 
ii) If R has a stronger Robinson-positive inductive effect 
than R', BI must lead to acylation by the weaker aqa 
radical, since acyl radical ions are formally similar 
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to protons. 
iii) In the same way BII will lead to acylation by the 
stronger acyl radical since the positive carbonium ion 
is more likely to be formed on that side through in-
ductive effects. 
iv) In the absence of acid catalysts, amides with strong 
Robinson—positive R" will contribute to BI. The same 
amides will react more readily by BII than less acidic 
amides. 
v) Strong Robinson—positive R or RI will inhibit the forma-
tion of I or VII but facilitate the formation of VIII. 
However the decomposition of I to II will be favoured am 
that of VIII to VI inhibited by the same effects. 
vi) The reactivities of anhydrides with high resonance 
energies will be small. 
The verification of i) is rendered difficult by the fact that 
in acid catalysed reactions A, BI and BII may be superimposed. 
The average yields of diacylimines from reactions involving A 
only are of the order of 20% although acetamide and chloroacetamid , 
in boiling xylene treated with a little dry hydrogen chloride 
afford a 37% yield of diecetimide. Ammonium chloride recoveries 
from acid catalysed reactions in the presence of anhydrides give 
similar values. Thus in the presence of acid catalysts the 
portion of yield amounting to about 20% (or more) of theory may 
be ascribed to mechanism A. In the absence of hydrogen chloride, 
acetamide with acetic anhydride give about 21% diacetimide; 
acetemide with propionic anhydride give 25% acetyl propionamide 
and chloroacetamide with propionic anhydride give 35% 
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chloroacetyl propionamide with negligible amlunts of symmetrical 
diecylimines. Thus in the absence of hydrogen chloride the coca—
petition of A against BII is negligible. In reactions involving 
either A or BII alone the yields are approximately of the same 
order. In acid catalyzed reactions the increase of yields should 
be due to BI. 	Occasionally the yield of the acid catalysed 
acylation does not exceed greatly 40-50% (the approximate total 
of "isolated" yields from A and BII) which seems to indicate and 
inhibition of BII or A or both. The first of these possibilities 
is more likely since the semi-quantitative recoveries of ammonium 
chloride from such experiments do not appear to be correlated with 
variations of yield from one diacylimine to another. 
Predictions Ii) and iii) were tested by acylating acetamide, 
propionamide and benzemide with monochlorOacetic anhydride, 
C1CH2C0.0.COCH3 , in the presence and absence of hydrogen chloride. 
In the former case the yields were greatly increased (supporting 
and acetylated amides predominated over chloroacetylated ones in 
molar ratios of 1.5 for acetemide, 1.3 for propionamide and 
1.6 for benzamide. In the absence of hydrogen chloride the ratios 
were inverted as follows: 0.75 for acetamide, 0.5 for propionamid 
and 0.6 for benzamide. 	Since no dipropionimide was formed in 
the acid catalysed reaction between propionamide and monochloro-
acetic anhydride it is assumed that little or no A reaction took 
place. The decrease of WA ratios in the absence of hydrogen 
chloride is greater 2or the uore basic propionamide than for the 
more acidic acetamide and benzamide, in agreement with iv). 
Acylations with monochlor4Decetic anhydride give lower 
yields than acylations with acetic or propionic anhydrides which 
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is in agreement with v) without completely proving this predic-
tion. It is possible that when R and R' have inductive effects of 
opposite signs the resultant effect in the sense of v) is too 
small for measurement. On the other hand it was not possible so 
far to obtain conclusive results with mixed anhydrides with R 
and RI having inductive effects of the same sign but different 
magnitudes. Attempts were made to use acetic propionic anhydride 
(105) with closely similar Rt and R by the author with the follow-
ing results: 
TABLE I  
Products of acylation with acetic propionic anhydride  
Amide 	Catalyst 	Products  
acetamide HC1 	32% diecetimide 28% acetyl propionamide 
propionamide 	HC1 	29% dipropionimide 30% acetyl propionauide 
chloroacetamide 	1101 	24% monochlorodiacetimide 17% propionyl chloroacetamide 
benzamide 	1101 	22% acetyl benzamide 23% propionyl benzamide 
acetamide - 	11% diacetimide 13% acetyl propionamide 
propionamide 	- 	12% dipropionimide 12% acetyl propionamide 
chloroacetamide 	- 	7% monochlorodiecetimide 9% propionyl chloroacetamide 
benzamide 	- 	13% acetyl benzamide 15% propionyl benzamide 
The effects are similar to those observed by Polya and Spotswood 
for acyletions with monochloro-acetic anhydride but the differ-
ences in R//R ratios are hardly significant although greater 
differences would have been expected from the results of 
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hydrolytic and alcoholytic experiments with acetic propionic 
anhydride (2, 105). 
The fact that excess anhydride is necessary to obtain 
optimum yields (1, 81) may be interpreted in different ways but 
fits well the views of Burton and Praill (103) on acid catalysed 
acylations with acetic anhydride. 
The failure of acylations with symm. dichloro-acetic 
anhydride in acid catalysed experiments (2) is in agreement with 
the first part of v). In later experiments of the author 
acylations with this anhydride were carried out in the aksence of 
hydrogen chloride in an oil bath kept at 125-130 ° with a 300% 
excess of anhydride for 45 minutes. Using acetamide, propionauide 
chloroacetamide and benzamdde the following compounds were obtain-
ed in low yields : monochlorodiacetimide (4%), propionyl chloro-
acetamide (5%), symm. dichlorodiecetimide (2%) and chloroacetyl 
benzamide (0.5%). Higher temperatures might have increased the 
yield but even under the milder conditions considerable charring 
occurred. 	These results are interpreted as inhibition of the 
formation of I necessary for the BI mechanism. The increased 
efficiency of the acylation in the absence of hydrogen chloride 
supports equations b14-15) as more likely than b12-13). On this 
view the formation of VIII would be enhanced but further reaction 
to VI inhibited. At the same time v) should be qualified by 
stressing that the argument concerns the anhydride rather than 
the awide in the reaction mixture. In the presence of a strongly 
acidic anhydride like the one under consideration the necessary 
dissociation of the amides would be repressed. Admittedly the 
relative yields and amidic . acidities are not regularly 
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correlated but the difficulty of checking v) need no further 
excuse. 
The low reactivity of benzoic anhydride with amides may be 
regarded as a confirmation of vi). 	In this case the absence 
of hydrogen chloride does not effect results. Yields of acetyl 
benzamide, propionyl benzamide and chloroacetyl benzamide obtained 
by the author under conditions similar to those described before 
the hydrogen chloride catalysed acyletions of acetemide, propion-
amide and chloroacetamide with benzoic anhydride (2) are practical. 
ly identical with the earlier results : 3%, 3% and 1% respectively 
The effect of other acidic catalysts has been investigated by 
comparison with the experiments of Boeseken on the catalyzed 
acylation of urea (97). 	Since acetemide and urea have approxi- 
mately the same molecular weight, the same quantities of amide 
and anhydride have been used as in Boeseken's experiments : 8.8 g. 
ecetemide and 15 g. acetic anhydride. In Boeseken's experiments 
the reaction mixture was heated for one minute only but the 
acetamide reaction mixtures had to be heated for 30 minutes since 
heating for 1 minute gave low yields of diacetimide (of the 
order of 1-2%). The author's results are compared with those 
reported by Boeseken in Table 2. 
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TABLE 2. 
Acetylurea Diacetimide Catalyst 
HO103 (0.13 g.) 10.9 g. 
AlC13 (0.5 g.) 12.7 g. 2.2 g. 
HC1 	(0.12 g.) 11.1 g. 10.2 g. 
Feel3 (0.62 g.) 10.2 g. 6.5 g. 
112804 (0.4 g,) 
zna2 (0.5 g.) 
9.4 g, 8.6 g. 
7.3 g. 
013COOH (0.4 g.) 5.1 g. 
These experiments indicate the similarity between the acid 
catalyzed acylations of urea and acetamide. The only irregular-
ity which may not be accounted for in spite of the presumably 
greet inaccuracy of smell scale synthetic methods is presented 
by the experiment on acetamide in the presence of aluminium 
trichloride. This is explained by the observation of P.L.Tardrew 
in the author's laboratory that diacylimines form addition com-
pounds with aluminium chloride. These addition compounds have 
not been examined closely so far but the experiments under dis-
cussion indicate that they decompose on heating with the forma-
tion of nitriles. 
Acetyl chloride and other acyl halides catalyze the acyla-
tion of amides to diacylinines but the yields are somewhat lower 
than in the case of hydrogen chloride catalysis. From a 
theoretical point of view the discussion of the catalytic effects 
of organic acyl halides and thionyl chloride is impossible at 
present. Hydrogen chloride generated from such compounds may 
catalyze reactions A and III. At the same time direct acylation 
may occur or even an undirect acylation through 8 Gautier 
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reaction. Competition experiments using acetic anhydride and 
acetyl chloride in equimolar amounts remained unconclusive. Apart 
from the Pact that much nitrile was formed, particularly in the 
case of benzamide end the isomeric butyramides, the results could 
not be duplicated. Thionyl chloride is inferior to hydrogen 
chloride in the preparations of diacylimines. With acetamide : 
hydrogen chloride molar ratios of about 1 : 1, one part of di-
acetimide or more can be obtained from one part of acetamide 
whereas thionyl chloride in similar concentration gives aceto-
nitrile as the main product with low yields of very impure diaceti-
mide. With acetamide thionyl chloride molar ratios of the order 
10 - 20 : 1 yields of diacetimide approximate those obtained in 
hydrogen chloride experiments but there is still considerable 
nitrile formation and the product is of poor quality. In these 
experiments again duplication of yields from a number of runs 
was not possible. In general the author observed that whenever 
nitrile formation is considerable the acid catalyzed acylation of 
amides is difficult or impossible to control. 
The acylation of amides with acyl halides instead of an-
hydrides has been used to prepare diacylimines by Titherley 
(25, 106), Dehn (107) and others (12, 108-110). Some experiments 
of Titherley and Dehn have been checked by Polya and Tardrew (1). 
Acetamide and acetyl chloride (equimolar mixture) in boiling 
benzene yields of 17-21 parts of diecetimide from 100 parts of 
acetamide (106), 	In boiling xylene the yield rises to 42%. The 
ammonium chloride isolated from the reaction corresponds to 34% 
diacetimide. Since the formation of ammonium chloride indicates 
mechanism A, it is seen that this mechanism is dominant over 
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mechanism B. When the reaction is carried out in boiling benzene 
little or no arnLonium chloride is recovered, hence mechanism B 
is more important at lower temperatures. Dehn's reaction (in cold 
ether is inefficient for synthetic purposes. 
3AcHH2 + AcC1 	Ac21111 + 2AcE1I2 .HC1 
One third of the available acetamide is acylated and the rest is 
withdrawn from the reaction as bis-acetamide hydrochloride. 	The 
reaction occurs nearly quantitatively according equation br7) 
and may be regarded as a pure case of mechanism B. The analogous 
reaction in benzene affords lower yields. Frou 100 parts of 
acetamide the ether reaction affords 34 parts of diacetimide and 
the benzene reaction 14 only. In ether the formation of the 
oxonium compound (Et20.Ac)C1 may be postulated. This makes a 
BI mechanism probable. Since no such intermediate may be consider. 
ed in the case of benzene, 8 BII mechanism is more likely. 'These 
views are in good agreement with the fact that acetonitrile is 
formed in benzene but not in ether. It is also suggested that 
while the BII reaction with anhydrides involves predordnantly 
the amide form the analogous reaction with acyl halides involves 
the imidol form. It may be of interest to point out in this conn-
ection that the reaction between acetamide and acetyl chloride in 
boiling xylene yields a small amount (0.55 g. per 100 g. acetamide; 
of a liquid boiling between 60-100'3/8 mm. The original liquid 
does not solidify at room temperature but turns into a pasty solid 
at 5-100 . 	It is obviously different from acetamide or diacetimid( 
On keeping for a month or on heating on a waterbath for 4 hours 
It turns into diacetimide. It is free from chlorine and has a 
nitrogen content of 13.1440.1%. This excludes the "low-melting 
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variety" of triacetimide (32). 	The most plausible explanation 
of the structure of this substance is to regard it as a somewhat 
impure isomer of diacetimide„ probably CH 3 .0(0Ac):1111. 	This 
hypothesis is confirmed by the exceptional ease of hydrolysis. 
A 10% solution in cold water deposits droplets of acetic anhydride 
in 15-20 minutes. .Boiling the solution for 15 minutes gives 
ammonium acetate. 	Attention was drawn earlier to the lowered 
stability of diacetimide purified by Streckerts method. It is 
possible that high acid concentratinn effects a change to "iso-
diacetimide" although the isomerization was never observed to occur 
to a significant extent. 	This observation raises again the 
question of isoamides or iminohydrins which was thought to have been 
disposed of by Rule (111). 	In the case of our compound ready 
isomerization on standing at room temperature excludes the possi-
bility of acetyl acetamidine acetate and the approximately correct 
nitrogen analysis shows that the compound is not acetyl acetami-
dine (related to imidodibenzamide (61) which melts much lower than 
dibenzamide). 
The mechanism of the acylation of amides by acyl halides has 
been investigated by Titherley and Holden (25, 26). Their results 
suggest that acyl halides may react either with the amide or imidol 
form of the other reactant. 	In the latter case diacylimine forma- 
tion is increased. This occurs when there is a great excess of 
amide over acyl halide which is explained by Titherley and Holden 
by the already discussed formation of amide hydrochlorides and the 
assumption that free hydrogen chloride catalyzes the transition of 
the acidic imidol form into the basic amide form. The failure of 
the benzoylation of acetamide by benzoyl chloride (106) is explainei 
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then by assuming a preponderantly amide character in acetamide. 
The author has come to this conclusion on other, somewhat similar, 
arguments. Physical evidence for this view will be quoted in a 
later chapter. 
From 8 practical point of view acylation of benzamide with 
aliphatic acyl rests is conveniently accomplished by treating 
benzamide with aliphatic acyl halides. This seems to be the 
only practicable method for the preparation of chloroacetyl 
benzamide (2). n-Butyramide and isobutyramide may be benzoylated 
with benzoyl chloride. This is in conformity with Titherley's 
views on the requirement of the imidol form for thitaction and 
with the author's views on the enhanced imidol character of these 
amides. Butyryl benzamide has been prepared before through the 
butyrylation of benzimino methyl ether (112). 	Its new prepara- 
tion is given below for comparison with the preparation of 
isobutyryl benzamide which is a new compound. 
n-Butyryl benzamide.  
Benzsmide (12.1 g.), n-butyric anhydride (19.0 g,) and 
n-butyryl chloride (0.4 g.) prepared from butyric acid and thionyl 
chloride by repeated treatment and evaporation with vapours of 
petroleum ether (60-80° ) were reacted as in the preceding experi-
ment. Very little cloudiness and no distinct precipitation 
occurred during the reaction. No measurable amount of amonium 
chloride could be isolated. The crude product did not crystallize 
on cooling. It was distilled under atmospheric pressure yielding 
23 cc: distillate which contained mainly n-butyric acid, WNW 
n-butyric anhydride and a trace of benzoyl chloride. The 
latter indicates some exchange of functions between the benzoyl 
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end n-butyryl rests and will be investigated in detail. The 
residue from the distillation crystallized on keeping in the 
refrigerator. The crystals were filtered by suction and re-
crystallized 3 times from 40 cc. petroleum ether (60-80°). This 
reduced the yield considerably but less purified material was dis-
coloured even after treatment with Norite and gave too high figure 
for nitrogen. Altogether 3.1 g. pure material have been obtained 
(16% on assuming a pure B mechanism of acylation). The substance 
is microcrystalline. Needles are obtained on dissolving the pure 
material in a great excess of petroleum ether end allowing the 
solvent to evaporate at room temperature. The melting point is 
68-69°. N calculated for n-butyryl benzamide 7.33%, found 7.18% 
(P.D.). 	On further crystallizations from hot water an4 finally 
from petroleum ether the melting point rose to 104 °; N found 7.32X 
The great difference between the melting points for an analytical 
difference close to the order of experimental error is surprising. 
It is likely that the low and high melting materials represent 
isomeric forms of n-butyryl benzamide. Neither of these isomers, 
if isomerism occurs in this case, could be an iminoester, 
0(00CW):NH since both materials can be recrystallized repeatedly 
from hot water without a substantial change in nitrogen values. 
Both the low and high melting material gave calculated acid 
equivalents. On hydrolysing 0.1 - 0.4 g. amounts of both material 
with 2-8 cc. WV1 NaOH, concentrating to one fifth of the volume 
on a water bath and acidification with the minimum amount of 
hydrochloric acid with external ice cooling benzoic acid separated. 
It was collected on a micro-filter, washed with a little ice water, 
dissolved in ether, washed with saturated sodium chloride solution, 
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freed from solvent and assayed by titration with r/loo sodium 
hydroxide. In each case 91-94% of the expected amount of benzoic 
acid could be recovered. 	The loss of benzoic acid corresponded 
to the solubility of benzoic acid in the given volume of the 
aqueous phase. 
IsC>butyryl benzamide.  
Benzoyl chloride (12.5 cc.) and isobutyramide (4.35 g.) were 
reacted as in the preceding experiments. Ammonium chloride 
appeared as in the preparation of acetyl n-butyramide (about 
80 mg. or 3%). On cooling the hot filtered reaction product by 
Immersion in water, crystals were obtained which were filtered and 
washed with petroleum ether (80-1000). On combining the petroleum 
ether washings with the oil from the crystals a little more 
crystalline material was obtained. Distillation of the filtrate 
from the second crop of crystals gave isobutyric acid. Since de-
composition started on attempting to distil the excess benzoyl 
chloride under atmospheric pressure the distillation was intenupt-
ed and the residue was repeatedly crystallized from petroleum 
ether (60-80° ). 	Little material was obtained in this way and the 
product retained some benzoyl chloride. It was taken up in ether, 
washed 3 times with ice-cold N/10 sodium hydroxide, 3 times with 
Ice-cold water, dried and freed from the solvent. The product 
was combined with the first crop of crystals and recrystallized 
once from boiling water with Norite and once from 50 cc. petroleuu 
ether (60-80° ). 	Fine needles were obtained in a yield of 0.7 g. 
(7%); melting point 122; mixed melting points with isobutyramide 
and benzoic acid were depressed by up to 600 . 	Nitrogen required 
for isobutyryl benzamide 7.33%, found 7.23% and 7.26%. 
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Acylations by acyl halides are of some importance in the 
acid catalyzed acylations by anhydrides. The equilibrium 
Ac20 + HC1 	AcC1 + AcOH 	• • . b18 
was studied by Brooke (113). Titherley (25) may have under-
estimated the importance of this equilibrium since was not con-
cerned with acid catalyzed acylations of amides and considered 
acylations by anhydrides rather unsatisfactory (24). 	It appears, 
however, on reviewing Titherley's and the author's experience 
that acylations with anhydrides and acyl haltdes vary in efficiem 
from amide to suide. In the case of acetamide (with amide 
character) acylation with a catalytic amount of hydrogen chloride 
and acetic anhydride gives good results. Uith an increase of the 
hydrogen chloride concentration acetyl chloride is formed which 
depresses the efficiency of the reaction particularly as the large 
concentration of hydrogen chloride tends to preserve the amide 
form. In the case of benzamide (with imidol character) acyla-
tion with acyl chlorides gives excellent yields but yields from 
hydrogen chloride catalyzed acylations with anhydrides are de-
pressed owing to partial conversion to the basic amide form (26) 
which reduces the concentration of the catalyst required for a 
BI reaction. In the case of amides of an intermediate character, 
like n-butyramide, neither method i0 quite satisfactory as illus-
trated by the following preparations. N-dibutyrimide has been 
prepared by other authors using differewt method (72, 114). 
Acetyl n-but remideo 
n-Butyremide (8.7 g.), acetic anhydride (11.0 g.) and acetyl 
chloride (0.5 cc.) were mixed and refluxed for 40 minutes. After 
a feu minute's heating the mdxture became cloudy and a white 
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precipitate appeared. On further heating the quantity of the 
precipitate did not seem to increase. The mixture was filtered 
hot on a Buchner funnel. The precipitate was washed with a little 
cold ether and the filtrate was kept separate from the filtered 
reaction product. 	The precipitate was identified as ammonium 
chloride (0.34 g. or 6.4%). The reaction product crystallised 
rapidly on cooling. The crystals were filtered and washed with 
petroleum ether (80-1000 ). The filtrate from the crystals and 
the petroleum ether washings were united. Hore crystalline mater-
ial separated and was filtered. The filtrate was distilled under 
atmospheric pressure. lost of the dictillate came over between 
90-1000 and very little distillate was collected between 110-120 0 
(most of the acetic acid formed in the reaction distilled with 
with the vapours of the petroleum ether). The residue in the flasli 
was washed with fresh petroleum ether, the resulting crystals were 
filtered and the filtrate was distilled as before. Treatment of 
the residue with petroleum ether afforded little crystalline 
material. The crystals were filtered off and the filtrate was 
discarded. The second and third crop of crystals were joined 
and purified separately from the first crop using the same method 
in both cases. The crystals were recrystallized from boiling 
water. After recrystallization the first crop melted unsharply 
between 1010 and 1050 and the combined later crops between 950 
and 1000 . A mixed melting point of 96-102 ° was observed. The 
united crystals were recrystallized from boiling water and gave 
material melting at 115-116g . 	The crude yield at this stage 
amounted to 6.1 g. 	Since about 200 cc. water has been used in 
the recrystallizations and since the solubility of n—butyramide 
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In cold water is 3.7 g. in 100 cc., the bulk of any unchanged 
n-butyramide must have been eliminated at this stage. A final 
recrystallization from 120 cc. petroleum ether (60-80 0) gave 
5.8 g. of fine white needles melting sharply at 118°. On the 
spontaneous evaporation of the mother liquor another 0.1 g. of 
material was obtained in the form of large, thick needles melting 
unsharply between 700 and 80°. The bulk of crude material and 
the thick needles were combined and recrystallized from petrdeum 
ether.- The final product weighed 5.8 g. (45% on assuming a 
B mechanism only) and melted at 119 ° . 	Uixed melting points with 
approximately equal amounts of n-butyramide ranged from 60 0 to 
77° . 	On alkaline hydrolysis 0.1342 g. acetyl n-butyramide re- 
quire 20.9 cc. N/10 NaOH, found 20.9 cc; N calculated 10 . 84%, 
found 10.79% and 10.81%. The hydrolysate contains both acetate 
and n-butyrate. On heating 0.129 g. of the substance with 0.093 g 
pure aniline for 60 minutes, dissolving the product in 100 cc. 
ether, washing with ice cold N/10 hydrochloric acid to remove 
unreacted aniline and removing the so1vent'0.135 g. material have 
been obtained. After washing 3 times with petroleum ether 
(80-100o) of 70-75° in order to remove any unreacted diacylimine 
0.131 g. material was obtained and analysed for nitrogen. From 
the value of 8.4% N it was calculated that the product contained 
72% acetenilide and 28% n-butyranilide. 
n-Dibutyrimdde (with P.D.). 
n-Butyramide (4 g.) was dissolved in dry ether and treated 
with dry hydrogen chloride for 30 minutes. The precipitate of 
butyramide hydrochloride, PrCOHH2.NC1, was filtered, washed with 
ether and dried quickly by suction just before use. 
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n-Butyramide (10 g.) butyramide hydrochloride (2 g.) end 
n-butyric anhydride (22 g.) were refluxed for 40 minutes. The 
, low boiling fractions were removed by distillation at 800/35  mm. 
The residue crystallized on cooling. It was washed with cold 
water and recrystallized from hot water. The pure product 
(1.6 g., 8%) melted at 111 ° , a feu degrees higher than the 
products reported by Tarbouriech end Eiller (107 and 108 o ) 
respectively. 
The same product in somewhat better yield has been obtained 
by the author with the following modifications. Butyramide 
hydrochloride was replaced by 0.4 g. n-butyryl chloride and the 
product was crystallized from petroleum ether (60-80 o) instead 
of hot water. In this way the same product Was obtained in a 
yield of 2.1 g. (11%). 
The following experiments have been carried out to investi-
gate the scope of acid catalyzed acylations for the preparation 
of N-substituted diacylimines and a few N,N-disubstituted amides. 
This method seems to have been originated by Uusselius (116). It 
did not become popular and most of the reported synthese3of 
N-substituted diacylimines are based on other methods. The direct 
acylation of aniline with acetic anhydride gives a mixture of 
acetanilide and diecetanilide, the latter in 52% yield (117). 
The acylation of phenyl mustard oil (76) gives about the same 
yield. The acid catalyzed acylation gives somewhat higher yields 
and it is more convenient than the acylation of phenyl mustard 
oil. 	The yields are much lower in the aliphatic series. 
N-methyl and N-ethyl diacetimide (28, 33, 75, 81, 107, 118) have 
been prepared in the author's laboratory with P. Dunn by heating 
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methylamine hydrochloride or ethylamine hydrochloride with 
acetic anhydride and fractionating the reaction products. 	The 
yields were 40% and 24% respectively. The low yields were due 
mainly to considerable losses on fractionation which make small 
scale preparations very wasteful. If preparations were carried 
out on a large scale continuously or on a large number of occasion: 
recoveries from fractions discarded in our small scale experi-
ments would at least double the yields, judging from the boiling 
range of such fractions. These and other experiments on acid 
catalyzed acylations leading to N-substituted diacylimines and 
N,N/-disubstituted amides will be given in more detail and 
supplemented with further experiments i with which the author has 
not been concerned personally, ina M.Sc. Thesis which is being 
prepared by P. Dunn. As regards N-methyl diacetimide it will be 
enough to note the following at present. This compound is 
soluble in ether, ,contrary to the statement of Hentschel (81) 
although the analysis and boiling point were identical in 
Hentschel / s experiments and ours. When heated with aniline 
N-methyl diacetimide gives a quantitative yield of acetanilide 
free from N-methyl acetanilide. The preparation of N-methyl 
dipropionimide, a new compound, will be given below. 
N,N-dimethyl and N,N-dietyl acetamide (80, 116, 119) have 
been prepared from dimethylemine hydrochloride and diethylamine 
hydrochloride end acetic anhydride in yields of 71% and 41% 
respectively. The products contained some N-alkyl acetamide. 
Unsymmetrial N-aryl diacylimines have been prepared by 
Wheeler and his collaborators (120-122) by acylating silver or 
mercury acylanilides. It was found that this somewhat incon- 
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venient method may be avoided by acid catalyzed acylation of 
acetanilide for the preparation of propionyl and butyryl 
scetanilide. In the case of benzoyl acetanilide, however, the 
acid catalyzed acylation failed. 
N-methyl dipropionimide (with P.D.). 
Hethylamine hydrochloride (11 g.) and propionic anhydride 
60 cc. were refluxed for 6 1/2 hours. In a first distillation 
all material boiling between 180-212° was collected. In a second 
distillation all the fraction boiling between 202-212 ° (mostly 
between 205-212°) was kept and redistilled at 209-212° . 
Yield : 4.0 g. (17%); N calculated 9.80%, found 9.98%; the 
Lipmann-Tuttle test was positive. 	The substance is very soluble 
In water, alcohol, ether, chloroform but insoluble in hydrocarbon 
solvents. 	With aniline it gives propionanilide. Like N-methyl 
and N-ethyl diacetimide, it is hygroscopic and deteriorates 
rapidly on standing if not well protected from moisture. 
Diacetanilide (with P.D.) 
Acetanilide (34 g.), acetic anhydride (102 cc.) and acetyl 
chloride (5 cc.) were refluxed for 12 1/2 hours. Lower boiling 
fractions were removed by distillation under atmospheric pressure 
up to 1800 . 	The resinous residue was dissolved in 5 times its 
weight of benzene, boiled with Norite, filtered, freed from sol-
vent and cooled in a freezing mixture. The solid vas rapidly 
filtered and washed with a little cold ligroin to give a crude 
product of 42 g. 	Digestion with 750 cc. ligroin at 30-40° 
dissolved the diacetenilide. On freezing it separated and was 
purified by repeating this treatment. Yield : 27 g. (60%); 
m.p. 36°; N found 7.93%, calculated 7.90%. No p=acetylemino- 
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acetophenone could be detected in the reaction products al-
though the conditions of the reaction approximated those of 
Chattaway (123) who converted diacetanilide into the former coca- 
pound by heating with hydrogen chloride. 	Franzen (124) described 
the preparation of acetanilide from aniline hydrochloride and 
acetic anhydride but did not state the yield nor did he investi-
gate the presence of diecetanilide. 
Acetyl pronionanilide_fwith P.D.)  
Acetenilide (30 g.), propionic anhydride (50 cc.) and 
thionyl chloride (5 cc.) were refluxed for 12 hours. 	On cooling 
the reaction mixture set to a thick brown paste. On shaking 
with 1000 cc. cold petroleum ether (80-100 0 ) crystals were fort„ed. 
These were filtered (13 g.) dissolved in ether, twice decolorized 
with Norite, freed from solvent and twice recrystallized from 
boiling petroleum ether. 	The resulting material melted unsharply 
at 95-98° . 	On further recrystallization from boiling water the 
melting point rose to 103-104° . 	The material was identified as 
propionanilide; N found 9.27%, calculated 9.38%; yield 9.5 g. (3K, 
The filtrate from the crude crystals of propionanilide was freed 
from petroleum ether in vacuum. The residue was distilled in 
vacuum; the fraction boiling between 160 ° and 165°/15 mm. was 
redistilled at 162-164°/15 mm. and afforded 17.6 g, (41%) acetyl 
propionanilide; N found 7.27%, calculated 7.33%. 
Acetyl butyranilide (with P.D.)  
Acetanilide (30 g.), n-butyric anhydride (80 cc.) and thionyl 
chloride (3 cc.) were reacted and worked up as in the preceding 
experiment. After distilling off fractions boiling below 1800  
under atmospheric pressure the residue was distilled in vacuum 
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collecting the fraction boiling between 1400 and 170o/10 mm. 
Redistillation (168-172°/14 mm) gave the desired product which 
had a similar boiling range on redistillation. 	Yield : 16.7 	g. 
(36.5%). 	No butyranilide could be isolated from the various 
fractions. 
N,N—diacetyl 1—naphthylamine (with P.D.: cf. 117, 125, 126) 
1—Naphthylamine (30 g.), acetic anhydride (80 cc.) and acetyl 
chloride (10 cc.) were refluxed for 10 hours. On being allowed ta 
stand at room temperature for 2 days crystals separated and were 
filtered, washed with two 200 cc. lots of water and recrystallized 
from 350 cc. hot ethanol. The precipitation of the material was 
completed by adding 300 cc. water. The oily filtrate from the 
first crystallization was shaken with water. The oily crystals 
were filtered and recrystallized from aqueous alcohol as before. 
The same material, N,N—diecetyl 1—naphthylamine WBB obtained in 
both cases. The combined yield was 36 g. (76%); m.p. 128 ° ; 
N found 6.10%, calculated 6.17%. 	The aqueous ethanol mother 
liquors were diluted with more water heated to 800, and cooled 
in a refrigerator over night. Crystals were collected and re-
crystallized from 4 200 cc. lots of petroleum ether (80-100 ° ). 
In this way 1 g. (3%) 11—acetyl 1—naphthylemine, mi.p. 149-150 0 was 
obtained. 
N, N—diacetyl 2—naphthylamine (with P.D.,; cf. 117) 
Experiments similar to the previous one gave poor results. 
The following method was found saticfactory. 2—Naphthylamine (30k 
acetic anhydride (70 cc.) and acetyl chloride (10 cc.) were re—
fluxed for 12 hours. Low boiling fractions were removed up to 
800/18 Uff16 	The black residue was dissolved in 200 cc. ethanol, 
-59— 
decolorized with Norite, filtered and freed from solvent. The 
residue was extracted 5 times with 200 cc. lots of petroleum ether 
(80-1000). After decolorizing with Norite and cooling a small 
amount of crystals (4 g.) were obtained* The petroleum ether was 
slowly distilled. Uhen only about 100 cc. were left in the flask 
a yellow oily layer separated. On cooling it set to yellow, 
resinous crystals (22 g.). 	The combined crystals were extracted 
with 200 cc. ether in the cold, leaving a small amount of white 
material undisoolved. Treatment with Norite end evaporation of 
the solvent left 20 g. 011(43%) which solidified to yellow—white 
crystals, (m.p. 670) on cooling. N. found 6.15%,.colculated 
6.17%. 
N—acetyl diphenylamine (with P.D.; cf. 127, 128). 
Diphenylamine (20 g.), acetic anhydride (60 cc.) and acetyl 
chloride (5 cc.) were refluxed for 3 hours. Distillation under 
atmospheric pressure up to 150 0 removed lower boiling fractions. 
The residue solidified on cooling. It was extracted with 200 cc. 
boiling petroleum ether (70-90 ° ) and filtered rapidly while hot. 
On cooling crystals on m.p. 99-100.5 o are obtained in a yield of 
17.7 g. (71%); N found 6.39%, calculated 6.63%. Obviously the 
material was not quite pure but since it has been deseribed before 
and we were interested in the practicability of its synthesis by 
acid catalyzed acylation no further attempts were made to purify 
it by more recrystallizations from petroleum ether. 
From an industrial point of view it would be interesting to 
test the acylation of amides with acyl halides under pressure. 
Reactions of this kind have been carried out by Tarbouriech 
(114, 115) who, however did not investigate the effects of varying 
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the pressure. 
Acylations of formamide by acetic end propionic anhydride 
give unidentified high boiling substances and 28% acetamide or 
propionamide (2). The author obtained 26% n-butyramide, 35% 
isobutyramide and 19% benzamide in similar reactions of formamide 
with n-butyric, isobutyric and benzoic anhydrides. Formyl 
acetamide has been prepared by the acylation of formimino ethyl 
ether hydrochloride with acetic anhydride in the presence of 
sodium acetate (129). 	This method is of general use in the . 
preparation of diacylimines (130-135) in addition to the similar 
method of acylating amidines (136-139). 
Acylations discussed thus far referred to acidic conditions. 
Attempts to carry out amide acylations under conditions similar 
to those of the Schotten-Baumenn reaction failed (140). 
Satisfactory acylation of amides with acyl halides in pyridine 
has been reported by Titherley (24) and Freundler (141-143), 
except that the use of the more reactive acyl halides in this 
' reaction requires low temperatures to prevent addition to pyridine 
Experiments on base catalyzed acylations of amides are in progress 
In the author's laboratory. 	It is preferred, however, to with- 
hold the available results for the time being since neither the 
analytical nor the synthetic work have been sufficiently checked. 
Aqueous alkali or alcoholic sodium alkoxides cannot be used, of 
course, since they lead to rapid hydrolysis or alcoholysis. 
A two-step reaction which amounts to acylation in a basic medium 
is the acylation of the alkali derivatives of amides with acyl 
halides or anhydrides which has been studied by Titherley (37) 
and Blacher (144, 145). 	Sodium benzamide is readily acylated to 
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acetyl benzamide by acetyl chloride but the scylation of sodium 
acetamide with benzoyl chloride yields dibenzamide in addition 
to benzamide, tribenzamide, pheynyl cyanide end benzoic anhydride 
(34). 	The intermediate formation of acetyl benzemide cannot be 
assumed in this reaction since it is stable under the mild ex- 
perimental conditions (refluxing in benzene). 	A possible inter- 
pretation in agreement with previously voiced theories, the 
stabilization of the imidol form of benzamide through the forma-
tion of the sodium compound, exploins one half of the data only. 
A similar stablization should occur with acetamide as suggested 
by the eventual transfer of the nitrogen from sodium acetamide to 
the benzoyl rest. Since the eliphotic sodium imidolote does not 
add benzoyl chloride, it is assumed that the energetically less 
probable imidol form is unstable in the case of ocetomide while it 
Is stabilized by resonance when attached to an aromatic nucleus. 
Both sodium benzamide with acetic anhydride and sodium acetamide 
with benzoic anhydride give sodium dibenzamide (145). Benzoic 
anhydride, usually a poor acylating agent for amides, appears 
to be very effective in this reaction. These reactions present 
many unsolved problems and their extension to cover a wider 
range of amides, anhydrides and acyl halides deserves resuming 
Interest in this field, which has been neglected since Titherley'E 
time. 
A few experiments were carried out on the acetylation of 
amides with ketene. A ketene generator was built 8nd operated 
by Lit. D. Pedgham in the course of his N.Sc. work under the 
direction of U.J.E.Cron. The genepator was similar to that de-
scribed by Eorey (136) and was calibrated with n—butanol. The 
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amides were fused and kept at temperatures 10-15 0 above the 
melting points of the highest melting product expected to be found 
in the reaction mixture. Although a large excess of ketene was 
used in some experiments the yields were low and much unchanged 
ketene was trapped in aniline. It appears that ;ate amides are 
not very reactive in this reaction although better results would 
have been obtained had it been possible to use larger quantities 
of amides and thus secure more effective contact with ketene than 
that afforded by a few grams of amide in a test-tube of 1" diametez 
The crude reaction products have been worked up by the author. 
The results indicate that the reaction may be of eventual interest 
but the first problems to be considered are in the field of 
chemical engineering and will be left to Mr. D. Padgham who in-
dicated his interest in continuing this work during 1951. 	Ex- 
periments which gave positive results are summarized in Table 3. 
The methods of separating amides and diacylimines have been 
described before in this Thesis and other publications and need 
not be repeated. Yields are calculated from the amides. 
Reactants 
Amide (mols) 
TABLE 3.  
Ketene (mols) 
Recovered 	Other Products 
Amide % (% yields)  
   
AcW112, 	0.2 0.2 66 Ac2NH 	21; trace MeCN 
AcNH2' 	003 0.2 29 Ac2NH 	56 (see below) 
Ac2NH, 	0.1 0.2 72 Ac&N 	11; resin(0.2 g. 
PhCONH220,1 0,1 52 PhCONHAc 17; PhCN 17 
The diacetimide from the experiment with acetemide and a 
large excess of ketene is obtained in the form of an oil which is 
incompletely soluble in water and deposits of droplets of acetic 
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anhydride. The ethereal solution of this oil reacts with sodium 
to give a yellow pasty solid which gradually changes into white 
granules of sodium diacetimide. The nitrogen content of the oil 
is approximately correct for diacetimide (N found 14.17%, calcu-
lated 13.86%). After standing for a few hours at room tempera-
ture in a sealed tube the oil begins to crystallize. After 18 
hours transformation to diacetimide, m.p. 78-9 0 , is complete. 
In the reaction of diacetimide with ketene a transitory 
green colour appears within a few minutes and turns dark after 
15-20 minutes' exposure to ketene. No similar colour reaction 
was observed with acetamide. 
The reaction between n—butyreuide (0,1 mol) and ketene (0,25 
mol) was unsuccessful. 	The crude product contained the anhydride 
of n—butyric and acetic acids, unchanged n—butyramide and only 
few milligrams of ghat appeared to be impure acetyl n—butyramide, 
Formemide reacted vigorously with ketene. The crude product 
contained 43% unchanged formamide, traces of hydrogen cyanide, 
16% of acetic acid (with formic acid calculated as acetic acid) 
and an unidentified oil. 	The oil is soluble in ether but little 
soluble in petroleum ether. The contents of the petroleum ether 
(60-80 ) solution were recrystallized from ether by slow evapora-
tion and yielded 0.12% formylacetamide, m.p. 700  (128). The 
residual oil is being investigated at the time of writing. 
At the present stage of our investigations the acetylation 
of amides by ketene does not appear to be a useful synthetic 
method except for the preparation of the unstable isomer of 
diacetimide. 
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c) Addition of acids and acyl halides to nitriles.  
Gautier (22) obtained discetimide by heating acetonitrile with 
acetic acid under pressure. In the absence of pressure the re-
action 
MeCN + AcOH ---"Ac NH 	 ...c1) r----- 2 
is displaced to the left at higher temperatures (81). In the 
author's experiments prolonged refluxing of acetic acid and 
acetonitrile (both highly purified and sharply dried) for 48 hours 
with the exclusion of atmospheric moisture did not yield any 
discetimide. On repeating the experiments in the presence of a 
trace of dry hydrogen chloride small amounts of discetimide (or 
triacetimide) were formed. M/4 experiments afforded too little 
diacetimide (or triscetimide) for isolation and purification. The 
formation of diacetimide or triscetimide was ascertained by the 
hydroxamic acid reaction. In other experiments a stream of dry 
hydrogen chloride was passed through a refluxing mixture of equi-
molar amounts of acetonitrile and acetic acid for 50 hours. These 
experiments were interrupted at night and the mixture was allowed 
to stand in a sealed apparatus under an atmosphere of hydrogen 
chloride. 62-75% of the nitrogen was recovered in the form of 
ammonium chloride which precipitated gradually during the reaction. 
Removal of the lower boiling fractions followed by the usual pro-
cedure afforded diacetimide in yields of 3-4%4 Careful neutraliza-
tion of the lower boiling fractions with aqueous sodium bicarbonate 
and extraction with ether gave an oil containing nitrogen and 
chlorine. This was hydrolyzed with N/2 sulphuric acid, neutralized 
with sodium carbonate and extracted with ether. 
On removing the solvent in vacuum 1, 1, 1-trichloroethane was 
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obtained in addition to some unchanged acetonitrile. 	On repeat- 
ing the process for the removal of acetonitrile almost pure, 
1,1,1—trichloroethane was obtained in yields of 4-6%; b.p. 75-76°; 
Cl found 79.61%, calculated 79.94%. 	The low yield of 1,1,1— 
trichloroethane in comparison with the high yield of ammonium 
chloride suggests that the reactions 
MeCN + 2HC1 MeC(C1) = NH.HC1 
+ 21101 	MeCC13 + NH4C1 
are less important than others for the formation of ammonium 
chloride. If we assume that all the diacetimide is formed through 
the Gautier reaction, the greater part of the ammonium chloride re-
mains unaccounted for. The sequence of reactions 
1 + AcOH AcC1 + AcNH2 + HO]. 	•..c4) 
AcNH2 + 2HC1 	AcC1 + NH4C1 W O 0 0 5 ) 
could explain the presence of large amounts of amilionium chloride 
but would require further reactions 
AcC1 + AcOH •••■•••■•111 Ac20 + HC1 	...c6) 
MN 	1\‹Q 	> tsvieC = iNJ •..c7) 
C.0) 
to fit the observation that acetyl chloride occurs in traces only 
in the reaction product. 	Admittedly neither of reactions c6) and 
c7) is plausible. The equilibrium of reaction c6) would be dis-
placed to the left under the experimental conditions and II should 
afford diacetimide on treatment with aqueous sodium bicarbonate 
solution in a yield of the same order as that of ammonium chloride. 
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It is possible that II is comparatively stable in cold aqueous sod-
ium bicarbonate solutions for short times of contact and that it 
is decomposed only during hydrolysis with dilute sulphuric acid. 
Attempts to isolate the hypothetical compound II have failed so 
far. 
The reaction between acids and nitriles was investigated in 
detail by Colby and Dodge (146) who found the process satisfactory 
for systems of aliphatic acids with aliphatic or aromatic nitriles. 
In systems of aromatic acids and aliphatic nitriles there is an 
exchange of functional groups. 	Wholly aromatic systems give the 
expected diacylimines in addition to other products. These re-
sults were confirmed and extended by Kgnig (147) who obtained a 
number of halogenated diacetimides in good yield by this method. 
9 Konig also proved the until then debated "symmetrical structure" 
of diacylimines by obtaining identical products, formulated as 
RCONHCOR I , from the systems RCN—R'COOH and RCOOH — R'CN. For 
further examples of this method see (11,,114, 148-151). 	The 
reaction in this form has many puzzling features. The best yields 
are obtained with halogenated aliphatic acids if care is taken not 
to work at high temperatures at which halogenated diacylimines tend 
to dissociateriearrange; 
RCONHCOR 1 	RCN + R ICOOH 
  
RCOOH + R'CN 
2 R COMICOR 1 	' (RCO) 2NH + (17000) 2NH 
This would be in agreement with the fact that addition to nitriles 
9 usually requires acid catalysis. However Konig's synthesis of 
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1,1,1—trichlorodiecetimide from acetonitrile and trichloroacetic 
acid failed while the weaker acetic acid and monochloroacetic acid 
reacted with acetonitrile. The failure of thioacetic acid to 
react with nitriles may be due to secondary reactions which have 
not been investigated so far. Phenyl cyanide and phenyl acetic 
acid did not react in Konig's reaction although they react with 
other acids and nitriles respectively. Similarly the author 
(with T.M.S.) found that the unknown dihomaveratroimide cannot 
be prepared by reacting homoveretroic acid and homoveratronitrile 
under Konig l s conditions. Succinic acid and succinonitrile react 
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An interesting but little investigated variation of this 
method is the n—divalerimide synthesis of Lieben and Rossi (152) 
who reacted n—butyl chloride with potassium cyanide in 85% 
ethanol under hest and pressure. 
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The formation of diacylimines from nitriles and scyl halides 
on heating under pressure has been studied in some cases. Attentiol 
was drawn before to the possibility that a reaction of this nature 
occurs during the acyletion of amides by acyl halides or even 
during acid catalyzed acylation of amides by anhydrides. It is 
known that amides may be converted into anhydrides on heating with 
acetic anhydride (153), acetyl chloride (140), thionyl chloride 
(154), aluminium chloride (155) and other metallic salts (156,157), 
to mention a few examples only which refer to experimental work 
quoted before. In the experiments of Kremann, Zoff and Oswald 
(158-160) on an equimolar mixture of benzemide and acetic anhydride 
the molar ratio of acetyl benzemide and phenyl cyanide was found 
to be approximately 3:1. 	That the reaction between nitriles and 
acids is not necessarily a major contribution to the formation of 
diacylimines even in reactions between amides and acyl halides is 
proved by the example of the ecylation of benzemide by chloroacetyl 
chloride (2) which gives a good yield of chloroacetyl benzamide. 
If this reaction would proceed by nitrile formation one would ex-
pect the usual exchange of nitrile and carboxylic acid groups to 
give benzoic acid and chloroacetonitrile which is not the case. 
It must be stressed, however, that the possibility of this reaction 
can never be excluded a priori. One may add that some modification 
of the Gautier reaction might be involved in the Itakshit synthesis 
of diacylimines (28, 29) on the evidence of the decomposition of 
potassium amides to nitriles on heating (161). 
Treatment of nitrile with hydrogen chloride or bromide leads 
at first to addition compounds which have been formulated as 
nitrilium halides, (ROBH)C1 and (RONH)C1.HC1, by Hentzsch (162,163), 
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On the evidence of Trigger and LUning (164) these addition compoundE 
decompose on heating and controlled hydrolysis to spuitetrical di-
acylimines (cf. 62): 
C1CH2ON + 	C1C52CH.HBr 	•..c13) 
(v) 
h4q,t, 	-› et CH2 
(vo 	...c14) 
V; + 2H20 --7* (C1CH200) 2NH + (NH3.HBO 	...c15) 
Similer results were obtained by Engler who reacted acetonitrile 
with bromine (165, 166). This resulted first in bromination and 
the formation of hydrogen bromide. The latter brought about re-
actions similar to those shown in c13-15). 	The use of acetic 
acid instead of water on chloroacetimino chloride gives the 
symmetrical dichlorodiacetimide (167). 	The formation of a di- 
acylimine from the Houben-Hoesch reaction between phenetole and 
bromnacetonitrile in the presence of Zinc chloride (168) would be 
it 	it a further confirmation of the Troger-Luning theory. Unfortunate-
ly the product claimed by Houben and Fischer as symmetrical di-
bromodiacetimide has a much higher melting point than Engler's 
compound which is supposed to be the same. Work by Francis (169) 
appears to bear out the correctness of Houben and Fischer's meltint 
point. As regards Engler's product, the author's notes on the 
melting point of n-butyryl benzamide might apply. 
The mechanism of the condensation of nitriles to diacylimines 
in the presence of strong acids has been best investigated in the 
case of dibenzimide. After the early work of Hofmann and Buckton, 
11'7,0 
NH 
Engelhardt and Gumpert (170-172) on the action of oleum on phenyl 
cyanide, Barth end Senhofer (173) worked out a preparation for 
dibenzimide based on this method. The reaction end its extensions 
was investigated in detail by Eitner and Krafft (61, 174-177) 
whose main results are illustrated in the following reactions: 
...c16) 
VII + H20 ---,*(PhC0) 2Nli + NH3 	•..c17) 
Cl 
N = C -Ph 
PhON + Ph0001 + Ale' 3 	(PhCON = CPh /t1C13 	'6. 1018) 
VIII 	/;(413 h 	co Ei 4 	 . . . c19 ) 
Val 	I\41  
VIeni 
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The reaction between propionitrile and propionyl chloride 
In the presence of aluminium chloride has been studied by Otto 
and Troger (178). Although this reaction gives poor yields of 
dipropionimide owing to side reactions, there is little doubt 
that diacylimine formation in this case follows the mechanism 
established by Eitner and Krafft. From the author's experience, 
modifications of the Gautier reaction are seldom justified for 
preparative purposes. The reaction of nitriles and acids under 
pressure is efficient in the aliphatic series but with one or 
two aromatic reactants side reactions occur and yields are consid-
erably reduced in the course of purifications. This inconvenience 
is still greater in the case of reactions between nitriles and 
acyl halides. 
d) Other methods of preparation.  
Formyl amides may be prepared by condensing amides with 
formaldehyde under alkaline conditions and oxidizing the resulting 
N-methylolamides with dilute chromic acid, following the procedure 
of Einhorn (179,180). 	The author (with P.L.T.) has repeated some 
of the experiments of Einhorn and his collaborators. 	The conden- 
sation with formaldehyde usually affords good yields but very 
great losses occur on oxidizing with dilute chromic acid. The 
method was found convenient for the preparation of N-formyl benz-
amide. For the preparation of aliphatic formyl amides methods 
quoted in part b) of this chapter are preferable. 
Diacylimines may occur amongst the products of the Hofmann 
degradation of amides (181). Unlike the formation of urea de-
rivatives (33) in this reaction, the formation of diacylimines is 
difficult to explain. Tn the author's opinion the most likely 
-72— 
explanation is the formation of 0—bromides which may be regarded 
as mixed anhydrides of organic acid and hypobromous acid. This 
anhydride could then ecylete en unchanged molecule of amide: 
,of-1 





>- 	- Mifht,,) 
This theory is in accordance with the fact that diacylimine forma-
tion during the Hoffmann degradation is more pronounced in the 
case of higher amides the enhanced IuidO character of which has 
been discussed before and with the — possibly strained — analogy 
of the behaviour of benzoyl nitrate which benzoyletes amino groups 
and forms nitrates with alcohols (93). The reactions could be 
formulated with H—bromoamides although with less plausibility (34). 
Following the work of Ruff and Giesel (182), Francis (169) 
prepared diacylimines from aliphatic acids and sulphur nitride. 
This reaction is not useful for preparative purposes since the 
yields are small and amide formation appears to be greater than 
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the formation of diecylimines. The conversion of ethyl benzoate 
into dibenzimide by magnesium amide iodide has been described by 
Odds and Caldero (183). The latter two reactions may be classi-
fied formally as acylations but little is known about their 
mechanism. 
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4) Physical properties and structure.  
a) The melting points of some aliphatic diacylimines and ben- 
zamide derivatives are listed in Table 
points to the author's observations 
TABLE 1. 
1. 	Absence of references 
recorded in this Thesis. 
Melting Point 	Reference Diacylimines 
Formyl acetamide 70° Formyl chloroacetomide 89-90° 179 r21 Formyl propionamide 65° 180 Diacetimide 79-80.5° Acetyl propionamide 86° (2, 146) Acetyl n-butyramide 119° Acetyl isobutyremide 177-178° Dipropionimide 154° 2) propionyl n-butyramide Propionyl isobutyramide 109,, 140`" 
i143) 





These few figures show that the melting points of diacylimines 
do not follow any simple rule in relation to their consitituion. 
It would appear that acylation by a lower acyl rest depresses the 
melting point of primary amides although propionmide and iso- 
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butyramide depart from this tentative rule which is hardly sig-
nificant on the limited evidence. 
Few boiling points have beenrecorded for diacylimines most of 
which cannot be distilled, except in very good vacuum, without 
decomposition. Some of these data are subject to doubt on the 
author's experience and do not warrant further discussion at pres-
ent. 
N-alkylation of diecylimines decreases the melting point and 
the same applies to N-phenyl diacylimines. N-1-nsphthyl diaceti-
mide melts higher than diacetimide but the corresponding 2-naphthy2 
compound melts lower. 
b) Uoleculsr weight determinations on diacylimines lesd to the 
same difficulties and general considerations as similar work on 
amides (184-191). Low melting diacylimines are monomeric with the 
exception of N-methyl diacetimide which is dimeric by cryoscopy 
in camphor. The water soluble diacylimines are monomeric by 
cryoscopy in water. 	Students at the University of Tasmania 
have investigated the molecular weights of a feu diacylimines at 
the author's suggestion. Diacetimide in water is monomeric 
(R.J.Ford and H.A.Hudson). In benzene the molecular weight in-
creases with concentration as shown in Table 2. (J.L.Davies and 
U.R.Atkinson). 
TABLE 2.  
Concentration (mole/litre) 	noleculer weight of Ac 2NH 
0 (extrapolated) 115 




Dibenzimide (U.D.Jackson) and diacetanilide (G.C.Bratt and R.S.Yos - 
1.,,,n,rremssen 02-kal gm11mh-E1 tr RRRnninted. The observed molecular weiahti 
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ore about 8% higher than the theoretical values with an ex-
pected error of +5%. 	This discrepancy is small and the slight 
observed variations with concentration may not be regarded as 
significant. Further data on the molecular weights of di-
acylimines are being collected by P. Dunn whose results will be 
included in his U. Sc. Thesis. 
c) The quantitative determination of solubilities of di-
acylimines has been carried out in a few cases only (2). 	The 
diacylimines are less soluble in water and more soluble in 
solvents with low dielectric constants than comparable amides. 
This indicates less ionization (in the broadest sense) and a 
reduced tendency for hydrogen bond formation in diacylimines in 
comparison with amides. This is in accordance with the few 
observations on the monomeric character of water insoluble di-
acylimines and with the fact that the melting points and boili 
points of diacylimines are not very different from those of 
either parent amide. 
d) Date on the surface tensions of aqueous solutions of di-
acetimide and the diacetioide-acetamide-acetic acid system in 
water have been reported before (4, 23). 	Other diacylimines 
are either not sufficiently soluble in water to permit accurate 
surface tension measurements with the author's equipment or the 
are too unstable in water (F-methyl and ethyl diacetimide). 
e) The heats of combustion of some diacylimines have been de-
termined by Parts (192) some of whose results have been confirm 
ed by the author and J. A. T. Cruickshank, Demonstrator at the 
Chemistry Department of the University of Tasmania. 	Parts 
calculated theoretical values for the heats of combustion of 
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diacylimines from similar values on amides derived from the work 
of Roth (193, 194). 	The author recalculated the expected values 
by Part's method but using somewhat different data on the heats 
of combustion of amides (195). The results are shown in Table 3. 
• 	TABLE 3.  
Compound Heat of combustion . cal/mol  
found 	calculated 
    
Parts JATC Parts JBP 
Ac2NH 518.9 505.3 495.9 495.2 
(EtC0) 2NH 809.2 609.1 807.6 
PhCONBAc 1065.1 1065.6 1070.1 1064.8 
(PhC0) 2NH 1634.8 1644.3 1634.4 
(PhC0) 3N 2425.5 2427.3 2412.3 
It may be deduced from these data that the resonance energy 
of dipropionimide exceeds that of diacetimide by about 6 Cal/mol 
which is in agreement with the difference between the ultraviolet 
absorption spectra of these compounds. The absolute values of 
the resonance energies of individual diacylimines cannot be cal-
culated from the available data although the approximate orders 
may be ascertained by calculating resonance energies for select-
ed tantomeric forms. The results of such calculations are shown 
for diacetimide in Table 4. 
TABLE 4. 
Tatitomeric form Resonance Energy Cal/mol 
1) CH3-00-NH-00-0H3 1.4 
2) 0H3-C(OH):N-00-CH3 11.5 
3) CH2:C(OH)-NH-COCH3 19.1 
4) CH2:C(OH)-N:C(OH)-0H3 29.2 
5) 0H3-C(0Ac):NH 16.6 
nN 24-2 
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Forms 5 and 6 refer to "isodiscetimide" which appears to be in 
tatidtomeric equilibrium with discetimide. 	Form 4 with the 
highest resonance energy is expected to make a considerable con-
tribution to the taaomeric structure of diacetiudde judging frma 
spectrographic data (6), and the modified Perkin reaction which 
will be considered later. 
f) In its classical form the structural problem of amides has 
been considered from the point of view of amide - imidol tautomer-
iSM. The purely chemical approach to this problem has not 
yielded conclusive results but it has offered actually or poten-
tially useful working hypotheses (25, 26, 60, 197, 198) and Wes 
used in Chapter 3 of this Thesis. The most conclusive evidence 
in favour of the existence of smide-imidol tautomerism is offered 
by the Ramon spectra of amides (199). Contradictory evidence 
from Raman spectra (200) might be explained with the help of the 
resonance theory of amides (201). 	No such data are available 
for diacylimines but the study of the hydrolysis of discylimines 
(35) suggests some form of suide - imidol tautomerism in this 
class of compounds which, however, need not be as simple as that 
considered by Titherley 
R.00.NH.00.R' 	'12.00.N:C(OH)12 1 	...1) 
the nenolizstion" occurring towards the radical le which is ob-
tained as R'COOH in hydrolytic (35) or leCOOEt in slcoholytic 
(2, 147) experiments. 
Ultraviolet spectrography of amides and related iminoethers 
and N,H-disubstituted =ides (162) is frequently quoted in favour 
of the imidol structure of amides like benzomide end trichloro-
acetsmide. These measurements were semi-quantitative only and 
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have been criticized by Ramart-Lucas and her collaborators 
(202-204) whose quantitative measurements still leave the question 
open. 	In primary amides "enolization" to the imidol form does 
not affect the order of conjugation but this effect may be ob-
served in diacylimines since the group CO-NH-CO is not conjugated 
whereas the group CO-N:C(OH) has a conjugation of the first order. 
This effect was observed by Polya and Spotswood (6). Later work 
with P. Dunn confirmed the effect in the case of other diacylimine 
but since the recently investigated diacylimine exhibit maxima 
of poor contrast onlyi it has been decided to defer the publica-
tion of these results until they can be checked with a more 
sensitive instrument which will not be available until 1951. 
From the spectrographic and chemical evidence it appears likely 
that the conjugated form of diacylimines is of the form 
R.C(OH):N-C(OH):CHg t if at least one of the acyl groups permits 
enolization. 	This view is supported by considerations arising 
out of the modified Perkin reaction between aldehydes and di-
acylimines (see next chapter). 
Such enolized forms have high resonance energies, as mention-
ed before. It is possible that a similar enolization should be 
considered to account for the peculiarities of some primary emidef 
In the author's opinion the following reactions may be governed 
by enolization effects: 
i) the greater ease of nitrile formation from aromatic than from aliphatic amides; 
ii) the failure of the Gautier reaction between phenyl cyanide and phenyl acetic acid; 
iii) the failure of preparing diacylimines from esters and sodium amides with reactants containing the C%.00 
grouping. 
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g) In view of the interesting infra-red work carried out by 
Richards and Thompson (205) and Richards (206) on the structure 
of amides similar work would have been desirable in connection 
with diacylimines. Lack of equipment and refusal of the Indus-
trial Chemistry Division of the C.S.I.R.O. to carry out the 
necessary measurements before 1952 prevent the author from form-
ulating his views on the structure of diacylimines in a more 
definite form. 
5) Chemical reactions.  -61- 
Most of the work reported in this chapter has been carried 
out in the form of small scale orienting experiments. 	Uerk is ir 
progress on most of the reactions recorded in this chapter which 
Is intended to show the potentialities of diecylimines from 
synthetic point of view rather than to suggest that the chemical 
reactions of diacylimines are well known to-day. 
a) Alcoholytic and hydrolytic experiments have been publishee 
before (2, 23; cf. 104) which complement Titherleyts work on the 
alkaline hydrolysis of diacylimines (35). The results are in 
agreement with the finding of KOnig (147) that on the alcoholysis 
of unsymmetrical diacylimines the stronger acid rest Joins the 
alkoxy-group and the weaker acid rest retains the nitrogen. 
Uork with P.L.T., U. Atkinson and Dr. A. Komzak indicates that 
this rule holds good in the acylatiOn of hydrazines by unsymmetri-
cal diacylimines although the reaction does not stop at that 
stage. 
b5 Unsymietrical diacylimines undergo some rearrangement 
to a mixture of symmetrical diecylimines on heating but this re-
action is very slight compared with an identical rearrangement 
of mixed anhydrides (2). 
c) Diacetimide in saturated aqueous solution was shaken with 
2-3 parts by weight of mercuric oxide for 2-4 hours. After 
filtering and extracting the insoluble portions with absolute 
alcohol in a Soxhlet apparatus tetraacetyl hydrazine, m.p. 85 0 , 
Wee isolated in yields of 0.6-3.1% from various experiments. 
M/100 amounts of diacetimide were refluxed for 2 hours with 
1 g. potassium permanganate and 100 cc. glacial acetic acid. 
The acetic acid was removed by distillation (the last 10-20 cc. 
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in vacuum) end the residue was extracted with ether to remove 
unreacted diacktimicien4 	The dry residue was ground and extract 
ed with 10 lots of ice cold ethanol (15 cc. each). The time of 
contact for each eXtraction was limited to 1 minute. The corn-
bined alcoholic extracts were dried in vacuum and extracted 
with 50 cc. ethanol. The colourless extract was dried in 
vacuum and recrystallized from acetone. Succinimide, m.p. 126 0 , 
was obtained in yield of 24-38%. Experimental difficulties in 
analogous reactions with other diocylimines have not been over-
come so far. 
Aniline or p-nitroaniline were diazotized in M/10 amounts. 
The filtered solutions of diazonium halides were added to the 
calculated amount of diacetimide dissolved in acetone in the 
presence of sufficient solid sodium acetate to keep the pH at 
6 - 6.5. A vigorous reaction occurredAemixture turned dark 
and nitrogen was evolved. Phenylhydrazine or p-nitrophenyl-
hydrazine were isolated from the reaction mixture in addition 
to small quantities of succinimide. The yields were poor 
(7-12% of the hydrazines and 1-2% of succinimide) and most of 
the product consisted of a dark resin which could not be re-
crystallized or distilled. 
d) Reduction of diacylimines by zinc with acid or alkali 
and under Clemmensen conditions failed. Reduction by the 
Bouveault-Blanc method (38, 39) gave small amounts of primary 
amines in addition to larger amounts of esters. The latter 
were noted qualitatively only. The amines were isolated by 
distilling the volatile portions from acidified solutions and 
then distilling the amine after the addition of excess alkali 
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into standard sulphuric acid. On determining the amine nitroger 
content by titration the amines were converted into the benzoyl 
derivatives end weigheA. Since qualitative tests excluded the 
presence of secondary amines, these determinations permitted th( 
calculation of yields when a mixture of amines was possible. 
The yields of amines from various diacylimines are shown in 
Table 1. 
TABLE 1.  
Diacylimines 	Amines 	Yields  
Ac2EH EtNH2 5% 
EtCONHAc EtNH2 	3% 
PIT% 4% 
(EtC0) 2NH 	PIT% 6% 
PhCONHAc EtNH2 	1% 
PhCHiNH2 ° 	0.3% 
(Ph00) 2NH 	PhCH2NH2 trace orl 
In spite of the unavoidable inaccuracy of the analytical procest 
these figures indicate the nature of the reaction. 
e) Diacetimide does not react with liquid bromine in the 
cold. On heating hydrogen bromide is evolved and a mixture of 
brominated acids end nitriles is obtained. Disoetimide and 
bromine in pyridine solution do not react in the cold. If the 
solution is refluxed for 2-4 hours the products are similar to 
those obtained in the preceding experiment. If a drop of 
aqueous alkali is added to a solution of diacetimide and bromin ■ 
In pyridine a vigorous reaction sets in after a few minutes and 
may proceed with explosive violence. Careful fractionation of 
such reaction mixtures estaLlished the presence of acetic acid, 
bromoacetic acid, tribromoacetic acid, acetonitrile bromo- 
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acetonitrile and tribromoacetonitrile (not all of which have 
been identified in the same experiment) in addition to brominatt 
pyridine bases amounting 3.6-6.4% of the pyridine which was 
used in a 4M excess over equimoler amounts of diacetimide and 
bromine. 
If concentrated solutions of equimolar amounts of diaceti-
mide and -bromine in ether are mixed and allowed to stand over 
night a heavy dark layer separates. On keeping the oil over 
solid potassium hydroxide in a desiccator for a few days the 
oil solidifies to a yellow, resinous mass. On further standing 
fine white needles grou upwards. Small amounts of these needle 
were collected from several experiments. They had melting 
points ranging from 130.5 0  to 1360  in various experiments. The 
bromine content was determined in one case only since most of 
the other crops were available in very smell amounts only. 
Bromine found : 45.6%, calculated for C4H60 2NBr : 44.44%. 
The substance gavd a positive hydroxamic acid reaction and con-
tained little or no "positive bromine". Provisionally the sub-
stance is regarded as BrCH200NHCOCH3 which has not been describ-
ed before. The resinous residue gave a positive hydroxamic 
test and contained "positive bromine". It could be recrystall-
ized from chloroform in poor yields. The resulting white 
crystals (with a faint yellow tinge) melted at 113-115 ° with 
decomposition. Bromine found : 45.2%, calculated for 
C4B6021Br: 44.44%. All the bromine is contained as positive 
bromine (45.1% by iodometric titration). On treatment with 
dilute sodium bicarbonate in the cold the substance decomposes 
and yields discetimide. In view of these data the substance 
ver 
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For a more convenient preparation of N-bromodiacetimide 
one cools a saturated solution of sodium bicarbonate (100 cc.) 
in an ice-salt bath and adds diacetimdde (10 g.) in water 
(50 cc.) followed by bromine (16 g.) with good stirring. Oarbor 
dioxide is evolved and the mixture sets to a thick paste in a 
few minutes. Stirring is continued for another 20-30 minutes 
until the colour is e uniform light yellow. The mixture is 
filtered by suction and washed free from traces of bromine and 
unreacted diacetimide with small amounts of ether. N-bromo-
diacetimide is slightly soluble in ether but loss of the de-
sired material in thisoperation is unavoidable if material 
free from diacetimide and bromine is wanted. The washed residuc 
- is nearly white when fresh but on standing some decomposition 
occurs with the liberation of bromine. It is advisable therefor 
to proceed with the purification without delay and to use the 
material while fresh. The washed residue is contaminated by 
Inorganic matter (mainly sodium bromide). It can be extracted 
with perfectly dry acetone. On removing the acetone under 
vacuum an oily residue is left which solidifies rapidly in a 
vacuum desiccator charged with solid potassium or sodium hydrox-
ide. The melting point is not sharp (owing to decomposition and 
possibly traces of acetone: 112-115 ° but it is not depressed 
when mixed to the compound prepared by the preceding method. 
Yields of purified N-bromodiacetimide are of the order of 
16-20% by this method. 
On prolonged keeping the substance turns dark red but this 
is not due to free bromine. In fact the "positive bromine" 
content of old, resinous sample is very low. The hydroxamic 
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test becomes negative after prolonged standing. Recrystallize-
tion of old preparations from chloroform may recover a smell 
fraction of the compound. 	The use of N-bromodiacetimide in 
Wohl-Ziegler reactions is being investigated. It will be 
sufficient at present to report that in a few preliminary ex-
periments with N.K. Valiance toluene and N-bromodiacetimide were 
found to give both bromotoluenes and benzyl bromide the former 
predominating. No precautions have been taken to avoid peroxide 
effects. In reactions with pyridine mixtures of bromopyridines 
are obtained after short heating. These mixtures have not been 
fractionated at the time of writing. 
f) If a solution of ethylmagnesium bromide in ether is added 
to an equimolar amount of diacetimide in ether with good stirrir 
the N-magnesium bromide derivative of diacetimide precipitates 
in quantitative yield accompanied by evolution of gas (with 
J.Devies). Found N 6.83%, calculated : 6.85%; found Br : 
39.17%, calc. : 39.15%; found Mg : 11.93%, calced. : 11.90%. 
After 4 months' standing the substance contained 38.96% bromine 
(N.K.Vallance). Reaction with isobutyl bromide gave an oil 
with a pleasant camphor odour which did not analyse correctly 
for N-isobutyl diacetimide. The purification of the oil was 
not attempted but it was hydrolysed by dilute hydrochloric 
acid. The hydrolysed product was worked up by J.L.Devies who 
obtained from it isobutyl amine in a yield of 22%. Methyl 
iodide in a similar reaction afforded small amounts of a neutral 
liquid boiling at 100-1100 which could not have been N-methyl 
diacetimide. Acetyl chloride gave an oil with anise odour. 
The latter two products have been obtained in poor yields and 
in obviously impure forms and are unidentified as yet. 
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Llyristyl, cetyl and stearyl bromide were reacted with the 
N-magnesium bromide derivative of diacetimide. In the absence 
of solvents much decomposition occurs and the reaction is too 
slow when ether or benzene are used as solvents. The N-mag-
nesium bromide derivative of diacetimide reacts much more slowly 
than Grignard compounds even with reactants like acetyl chloride 
g) A note on the fluorimetric assay of some halogenated 
diecylimines has appeared earlier (5). The copy of a paper 
on the colorimetric assay of diacylimines, which has been 
accepted by the Analytical Journal, is attached to this Thesis. 
h) It was shown in an earlier publication (3) and two papers, 
which have been sent to Receuil des travaux chimiques des Pays-
BBB a little while ago and copies of which are attached to this 
Thesis, that discylimines may replace anhydrides in the Perkin 
reaction. The use of catalysts is necessary to obtain optimum 
yields but the condensation occurs also in the absence of 
catalysts. This is in agreement with the previously expressed 
views (6) on the appreciable contribution of enolized forms to 
the teutomeric structure of diacylimines with enolizable acyl 
rests. In the modified Perkin reaction bis-amides of the 
aldehydic reactant occur as by-products. The occurrence of 
this side-reaction is not difficult to explain but no explana-
tion has been found for the empirical fact that the formation 
of bis-amides is of the same order as that of the unsaturated 
amides if potassium acetate is used as catalyst while the yield 
of bis-amides is negligible.with sodium acetate as catalyst. 
It was not intended to report in this Thesis further in-
vestigations in this field which are far from complete but a 
nemnim 	rnIncar 1.,T7 nim-scr nnA Rwcario. (940N mnxr nAnARsitntA 	few 
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conaents which involve reference to work in progress (with  
i) In view of the possibility of the uncatalyzed condensation of 
diocylimines with benxeldehyde and the similar mechanism of the 
original and modified Perkin reactions the catalytic effect of 
sodium or potassium salts of weak acids may not be regarded as 
the main drive of the condensation unless it is considered in 
conjunction with the enolizability of the non-eldehydic reactant. 
ii) Dippy and Evens have obtained cinnamic acid from benzalde-
hyde and acetamide in the presence of sodium acetate in a yield 
of less than 1%. The author with P.L.T. did not obtain any 
cinnamic acid in a similar experiment. In view of the small 
yield of cinnamic acid this discrepancy is not serious. It is 
surprising however, that Dippy and Evans did not note the forma-
tion of benzylidene bis-acetemide and cinnamamide. N.N-dimethyl 
acetamide for instance gives N,N-dimethyl cinnamamide when con-
densed with benzaldehyde in the presence of sodium or potassium 
acetate. In this case the formation of the bis-aaide is excluded, 
of course. 
ill) Dipr,y and Evans have obtained cinnamic acid in a yield of 
18 from the condensation of benzaldehyde and diacetanilide in thE 
presence of sodium acetate. The author with T.U.S. noted the 
same before seeing the paper of Dippy and Evans but the formation 
of N-phenyl cinnammide was observed at the same time. Although 
the optimum conditions for this reaction have not been establishec 
so far, the yield of N-phenyl cinnaubmide afforded by this re-
action is at least of the order of 35-40%. The lower yield of 
cinnamic acid is in agreement with the author's view that the 
first stage of the reaction gives cinnamoyl acetanilide which 
yl - may react with more benzaldehyde to the unsymmetrical diacylimine 
III which loses cinnamic acid Sin the usual manner : 
PhCHO -f- Ac 2NPh 	Ph CHOH. CH2. CONPhAc ( I ) 
	1120 	PhCEI: CH. CONPhAc ( II ) 
II A- PhCHO--,, PhCH:CH.CONPhCO.CH2.CH(OH)Ph 
(III ) 
III 	phCH:CH.00011 	rhCR:CH.CONHPh 
These reactions refer to the experiments of Dippy and Evans . 
Under the author's conditions the dominant reaction appears 
to be 
	 AcOH 	PhCH:CH.CONHPh 	 5) 
On the arguments of Polya and Spotswood ( Amides VII ., attached 
to this Thesis ) elimination of acid from the primary condensation 
product is more likely than the elimination of water .At the 
'same time the reaction between benzaldehyde and diacetanilide 
suggests that elimination of water may occur to some ettent . 
iv) It must be admitted that the retention of the amide group 
in modified Perkin condensations involving reactants with the 
-CH2' C0NH- grouping can not be postulated as a general rule 
Thus the author with T.I.Lewis obtained low yields of coumarin 
from the condensation of salicylaldehyde and diacetinade in 
the presence of sodium acetate.The main ploduct was a red , 
brittle resin which wae- resistant to strong acids and alkali 
and was insoluble in all the usual organic solvents.Although 
the constitution of this product is unknown ( apart fram the 
fact that it contains nitrogen ),the formation of coumarin 
proves the loss of amido nitrogen in the reaction 
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6) Acetyl phosphowide.  
The preparation of 1T—benzoyl phosphecide hoc been described 
by Titherley end 1:;orrallY240ther 11—acyl phosphemides do not appear 
to have been reported in the literature although ccetyl phosphor:Ad 
should be of some interest ouing to its formsl siuAlarity with 
acetyl phosphate (8, 9). It cam intended at first tO prepare 
phosphamide end to ocetylste it with acetic onhydride or acetyl 
chloride, possibly in the presence of catalysts. These experi-
ments hove been abandoned for the tiLle being after noting a sore 
convenient cloy of preparing the disilver salt of ecetyl phosphour 
ide. The uork reported in this chapter hoc been carried out with 
G.C. Brett uho perfored the synthetic operations end analyses 
under the author's direction. The latter has carried out the 
other tests reported in this chapter and in a paper by P.L.T. 
and the author uhich uill be published shortly in Anelyticea 
CheLiistry end s copy of which is attached to this Thesis. Studies 
• on the biocheuical properties of acetyl phospheilide are being 
carried out by Uiss E. Ashbolt and the author end will be reported 
briefly only. 
Diphenyl monophosphemide uas prepared by the method of 
Audrieth and Toy (221) in a yield of 33:I . It had a melting point . 
of 142-3° instead of 145-6 ° (2a1) or 148° es claimed by .stokes 
(22a). It contained some triphenyl phosphate as the extraction 
of the latter with cold carbon tetrachloride does not appear to 
be very efficient. Diphenyl monophosphsuide uss converted into 
phosphemide by Stokes' uethod (222, 223). The substance,uos re— 
fluxed uith the calculated mount of 10', potassium hydroXide solu-
tion for 15 minutes, precipitated uith s slight excess of 
saturated lead nitrate solution and the precipitate was decomposed 
in an Lce—cold suspension with hydrogen sulphide. The treatment 
with hydrogen sulphide was repeated after filtration to make sure 
of complete decomposition. On standing in the refrigerator 
over night phosphamide separated as a fine powder uhich decomposed 
without melting at about 2300 . 	On prolonged chilling crystalline 
material could be obtained. The yields from several experiments 
varied around 2% only. 
In anothcx series of experiments attempts were made to con-
vert ammonium fluorophosphate (224) to diammonium phosphamide by 
liquid ammonia. Separation through the thallous salt failed and 
separation through the silver salt afforded disilver phosphate 
only although the latter might have been contaminated with a trace 
.of the desired compound. 
Finely ground diammonium phosphate (10 g.) was nixed with 85, 
phosphoric acid (8.75 g.) and refluxed with acetic anhydride 
(25.5 g.) and acetyl chloride (1 g.) with intermittent shaking 
for 1 hour. The volatile portions were removed by distillation, 
the residue was dissolved in water and neutralized to phenol 
red with 33% sodium hydroxide solution. Addition of 25 cc. of 
5% silver nitrate solution to the hot solution gave an immediate 
white precipitate which was discarded. 	The cooled solution 
was treated with 25% silver nitrate solution (50 cc.) in small 
portions. A precipitate was formed on each addition but dissolve( 
rapidly. On adding more silver nitrate (325 cc.) a permanent 
white precipitate was formed in a yield of 37 g. (61%). 
Found Ag 60.6%, P : 8.65%, CH3C0— 12.0%; calculated for 
disilver phosphamide Ag : 61.0%, P : 8.85%, CH300— : 12.21%. 
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The substance contains nitrogen and does not give the Lipmenn-
Tuttle test for acetyl phosphate (7). On exposure to atmospheric 
moisture acetamide is liberated. With a slight excess of 10% 
sodium chloride solution silver chloride precipitates and the 
filtrate presumably contains the sodium salt of acetyl phosphamidl 
The preparation of pure acetyl phosphamide was not achieved so 
far. The decomposition of the silver salt with hydrogen sulphide 
was incomplete and decomposition with thioecetemide was unsuccess 
ful. 	However, the original disilver salt may be reprecipiteted 
from aqueous solutions of sodium acetyl phosphamide without loss 
while recoveries from aqueous solutions of acetyl phosphamide 
freed from silver with hydrogen sulphide or thioacetamide are 
poor (14-29% of the original disilver salt). Thionyl chloride 
was used instead of acetyl chloride in another experiment which 
afforded less stable, discoloured material. 
Although fresh solutions of sodium acetyl phosphamide do 
not give the Lipmenn—Tuttle test, a faint positive reaction is 
obtained if the solutions are allowed to stand for 3-4 hours at 
room temperature. On longer standin(J the test becomes negative 
and precipitation with silver nitrate gives yellow silver phos- 
phate in addition to the white precipitate of disilver acetyl pho 
phamide. 
Sodium acetyl phosphamide in a concentration of 0.1% in-
hibits the fermentation of glucose by a pure strain of brewer's 
yeast (Karlsberg 126 P.T.) although fermentation may start after 
a delay of a week or more. 
An aqueous solution containing 0.5% L—glutamic acid and 
0.01% sodium acetyl phosphamide becomes viscous on standing. 
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The surface tension decreases rapidly to 55-57 dyne/cm at 20° 
within a few minutes then more slowly to 45-49 dyne/cm within 
3-4 days. These preliminary observations by the author are being 
followed up in collaboration with A.E.Parkes at present. 
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The Brunner AUaction.  
At the time of initiating studies on discylimines in 
Hobgrt the only distinctive reaction of these compounds noted 
in the literature was that with hydrazine derivatives to give 
substituted 1,2,4-triazoles. This reaction VMS discovered by 
Brunner (32, 71) whose school continued the study of this reac- 
tion for a short time. Host of that work was concerned with the 
preparation of new triazoles and with the substitution reactions 
of some triazoles. A partial elucidation of the reaction mechan-
ism was based on the observation that the reaction between di-
acetimide and semicarbazide gives the amide of 2,5-dimethyl-1,2,4 
triszole-l-carboxylic acid as an intermediate which on heating 
in aqueous solution undergoes hydrolysis and decarboxylation to 
afford 2,5-dimethy1-1,2,4-triazole as the final product (207). 
This observation is of little value when considering the reactior 
of diacylimines with RUHNH2 (R = H, alkyl or aryl) which cannot 
occur with a loss or modification of R. 	Conditions of the re- 
action were studied by Brunner and his collaborators (208-210); 
these were substantially confirmed and somewhat extended in the 
author's studies. It appears that the Brunner reaction in its 
original form has not been used by other investigators. This Is 
probably due to the fact that while the preparation of the 
necessary diacylimines is simple on paper the best yields can be 
obtained only by workers with considerable experience, and more 
readily available starting materials may be preferable if syn-
thetic studies on triazoles do not involve the ihvestigators' 
interest in the chemistry of amides. Recent work by Kaiser on 
the preparation of 3-amino and 3-ureido 1,2,4-triszoles from 
-95- 
acyl dicyanodiamides and hydrazine (211, 212, cf. 213) has 
analogies with the Brunner reaction although the reaction mech-
anism is obviously different, 
The interesting biological properties of some 1,2,4-tri-
azoles were noted early during the author's studies. This has 
led to repeated preparations of a few selected 1,2,4-triazoles 
for biological tests, some of them by methods other than the 
Brunner synthesis. As a consequence of this and of the discon-
tinuity of work owing to changes of staff the chemical work on 
the Brunner reaction has not progressed very far although most 
of the work in progress in the author's laboratory is concerned 
with this reaction at present. 
Preliminary experiments in this field have been carried out 
by the author. While on the teaching staff of this Department, 
P.L. Tardrew carried out much preliminary work on this subject. 
His work included the preparation of a number of intermediates 
for the synthesis of 1,2,4-triazoles by the Brunner reaction 
and other methods, studies on the effect of basic reagents on 
the course of the reaction and the compilation of an extensive 
bibliography on 1,2,4-triazoles. All this work forms pert of 
a M. Sc. Thesis by P.L.T. - The author worked out methods of 
isolation and purification which will be given below. Dr.A. 
Komzak and the author studies the Brunner reaction between di- 
acetimide and phenylhydrazine under varied conditions. M.R.At-
kinson with the author carried out a few experiments on the 
Brunner reaction of unsymmetrical diacylimines. Biochemical 
work involving 1,2,4-triazoles will appear in Section IV. 
As described by Brunner (71), the reaction between 
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phenylhydrazine and diacetiuide affords 1-phenyl-3, 5-dimethyl-1 
2,4-triazole (PDET). Brunner pointed out that this reaction 
established a formal analogy between diacetioide and l ' .-diketoni 
substances. The same analogy applies to other diacylimines, 
although less conclusively to aromatic diacylimines which react 
sluggishly (208). In the author's opinion, however, the latter 
observation by Wolchowe is not strictly accurate as it may be du 
more to the insolubility of aromatic diacylimines in water than 
to fundamental structural differences. 
In our experiments equimolar amounts of phenylhydrazine and 
diacetimide were used, as the author's preliminary experiments 
have shown that the use of 3 molts of the latter (214) does not 
appreciably improve yields but renders theoretical consideration 
more difficult. The reactants are dissolved in a suitable sol-
vent and refluxed for a few hours. Solvents other than water 
(alcohol, pyridine, benzene) are removed by steam distillation. 
Although PDL1T is volatile in steam the losses in such a process 
are slight. It has been found that there is a time-lag of a few 
minutes between the removal of the solvent and the beginning 
of the steam distillation of PDET. 
In small scale experiments, particularly when products 
other than PaIT must be identified, it is best to precipitate 
PDET from its aqueous solution with a hot p% solution of mercuri 
chloride. PDET.HgC12 is obtained on standing as a light brown 
microcrystalline powder which may be recrystallized from hot 
water to give white needles. The composition claimed by Brunner 
has been confirmed by analysis 	Hg found 
43.9%, calculated 44.1%; Cl found 16.3%, calculated 16.0%. 
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The crude mercuric chloride copplex melts between 175-190 0 . 
Brunner recorded the melting point 167-8 °. This has been con-
firmed in our experiments (186-18e). samples melting higher 
were found to contain traces of infusible matter (probably 
mercuric chloride). The mercuric chloride complex is digested 
with 2.5-4 parts of cold concentrated hydrochloric acid which 
leave a little dark tarry residue undissolved. After filtering 
through sintered glass the solution is made alkaline and extract 
ed with ether. It was found best to neutralize with concentrate , 
aqueous ammonia to a faintly acidic reaction and complete the al 
kelization with sodium carbonate. The resulting precipitate is 
coarse, easily filtered and does not retain much absorbed PDTIT. 
It ammonia alone is used for neutralization PDUT precipitates in 
oily droplets around pH 6 - 7 together with basic mercury com-
pounds and absorption of the former on the fine precipitate of 
the latter leads to losses. 
For preparative purposes it is best to make the aqueous re-
sidue from the steam distillation alkaline and extract with 
ether, The contents of the ether solution are then fractionated 
, in vacuum. The main fraction is collected at 150_2000/20 mm 
and redistilled at 163-165°/25 mm or 150-16e/20 MI6 The re- 
distilled material is of good quality. It may be recrystallized 
from petroleum ether (with seeding!). The highest melting poir 
observed with pure PDUT was 45-7°. Less carefully purified pre-
parations melt at 430  as recorded in the literature. 
In comparing the effectiveness of various conditions the 
yield of PDLIT may be considdred in two ways. The yield as 
mercuric chloride complex is a measure of the true efficiency 
of the reaction. Actual yields of pure are lower, of course. 
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It appears from a number of experiments that the yield of pure 
base is 75% of that of the mercuric chloride complex. The major 
organic byproducts of the reaction are acetamide and 1-phenyl-
2-acety1hydrimine. The former has been quantitatively determine 
in an experiment with pyridine as solvent. The latter accompan-
ies PD/IT and may be sepbrated from it either by the mercuric 
chloride method or fractional distillation. It is also very 
much less soluble in ether or petroleum ether than PDUT which 
may be used for purposes of purification. The following condi-
tions were studied. 
a) Reactants.  
Diacetimide reacts with phenylhydrazine hydrochloride to 
PDUT but no PDMT is obtained if the free hydrazine base is used, 
Thus in 8 0.4M experiment in pyridine no PDMT was formed but 
0.29 mols of acetemide and 0,34 mole of 1-phenyl-2-acetylhydra-
zine have been recovered after recrystallization. The corres-
ponding crude products were obtained in 0.41 and 0.35 molar yiel 
respectively. It appears therefore that under these conditions 
the reaction follows practically quantitatively the equation 
Ph1HNH2 + Ac2NH 	PhNENHAc + AcNH 	 • • 1) 
1-Pheny1-2-acetylhydrazine was the only identifiable pro-
duct in a number of other experiments of P.L.T. using alcoholic 
sodium ethoxide, sodium in benzene or xylene, sodium ethoxide 
In xylene and sodium acetate (dry) in benzene with diacetimide 
and phenylhydrazine hydrochloride. The failure of the reaction 
with alcoholic sodium ethoxide has been confirmed with Dr. A. 
Komzek. In a 0.02 M experiment (with Dr. A.Kommek) using 20 cc. 
N/1 sodium hydroxide the final pH after 4 hours' refluxing was 
about 6. This experiment did not afford PDUT ; 1-phenyl- 
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2-acetylhydrazine end acetsmide have been isolated without de-
termining yields. These observations confirm end somewhat ex-
tend Brunner's observation (71) that hydrazine salts are necess-
ary for the success of the reaction. Since Kaiser's formally 
analogous syntheses (211-213) are being carried out in alkaline 
media it would appear that the mechanism is different in the 
Brunner and Kaiser syntheses. 
b) Solvents.  
The best results were obtained in water containing 7.5% 
acetic acid and an equimolar amount of sodium acetate. Yields 
In pyridine were somewhat lower and yields decreased further in 
water alone, in 50% acetic acid and in glacial acetic acid (in 
this order) but glacial acetic acid in the presence of dry 
sodium acetate gave a good yield. 
c) Time. 
Short reaction times of 30-60 minutes give negligible 
yields. In pyridine the yield after 4 hours' refluxing is 42% 
and after 8 hours 35% only, In the case of water with acetic 
acid - sodium acetate buffer the effect of time is less clear. 
The yields after refluxing - for 4,8 and 16 hours were 39%, 33% 
and 55% respectively. 
These experiments on the preparation of PDIE from equi-
molar amounts of phenylhydrazine hydrochloride and diacetimide 




PDLIT Yield Yield Time 
	
0.1 	Pyridine 50 cc. 
0.1 	" 
0.1 
1.0 	Pyridine 500 cc. 









• • • 
• • • 
• • • 
0.02 Water 10cc. 4 46% 35% 11% 
0.02 AcOH, 10cc. 4 32% 24% • • • 
0.02 50% ACOlip 4 41% 31% 4% 10 cc. 
0.1 	15cc.AcOH 8 g. Ac011a 16 59% 34% Of • 
0.02 Buffer 20 cc 4 52% 39% • • • 
0.1 	Buffer 160 cc 8 44% 33% 4% 
1.0 	Buffer 800 cc . 16 55% 13% 
The yields of all these experiments could be improved by 
pooling the appreciable amounts of discarded material from puri-
fying operations from several experiments. It is estimated th01 
this would increase the quoted yields by a factor of about 1.1 - 
1.15. 
An analogous experiment (with U.R. Atkinson) using p—nitro. 
phenylhydrazine with diacetimide and pyridinium chloride in 
pyridine afforded yields of around 50% of 1—p—nitropheny1— 
2,2—diacetylhydrazine but not triazole. The reaction of formyl 
benzamide with phenylhydrazine hydrochloride in pyridine (with 
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M.R. Atkinson) could yield 1,3-dipheny1-1,2,4-triazole and/or 
1,5-dipheny1-1,2,4-triazole both of which have been recorded 
before (215, 216) but only the latter was obtained in a yield 
of 52%, m.p. 90-91 picrate m.p. 139 °. 
Acetyl propionamide and phenylhydrazine hydrochloride were 
reacted in buffer solution (with P.L.T.) and in pyridine (with 
M.R.A.). The product obtained with P.L.T., could be isolated 
in very small amounts and was found identical with 1-phenyl-
3-methy1-5-ethy1-1,2,4-triazole prepared by fusing 1-phenyl-
2-acetylhydrazine with propionamide(4217). In the experiment 
with M.R.A. we obtained an oil in a yield of 48% which appeared 
to be a mixture of both isomers although approximating more to 
1-phenyl-3-methyl-5-ethyl-1,2,4-triazole than to its isomer pre-
pared by the fusion of 1-phenyl-2-propionylhydrazine with 
acetamide. This argument is based on the melting points of the 
picrates 3-methyl-b--ethyl compound, m.p. 138 °; 5-methyl-
3-ethyl compound, m.p. 132-133 °; product by the Brunner reac-
tion, m.p. 140-142°. Also the mercuric chloride complexes of 
the 3-methy1-5-ethyl compound and of the unknown product are 
formed more readily than that of the 5-methyl-3-ethyl compound. 
The formation of 1,5-dipheny1-1,2,4-triazoles and the 
probable formation of 1-phenyl-3-methyl-5-ethyl-1,2,4-triazole 
in our experiments suggested that the reaction may be identical 
with the Pellizzari synthesis of 1,2,4-triazoles from acyl hyd-
razines and amides. The reaction takes place under near-neutral 
conditions which, on previously outlined evidence (2 and 1I.3b 
of this Thesis), should lead to acylation by the stronger acyl 
rest of mixed diacylimines with the formation of the amide or 
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the weaker or aromatic acid thus providing the reactants for a 
Pellizari reaction (218). 
ArNHNH2 + PhCONHCHO 	PhCONH +ArNENHCHO (I) 2 	(II) 	...2) 
Ph —.4" 
I + II 	2H20 ±  
ArNHINHeEtCONHCOMe --40.EtCONH2 + ArNHVBAc (IV) 	(v) 
•••4) 
+ W ...-.-÷ 2H20 kf 
f%) 
" 	 N 	vi 
...5) 
The possibility was considered that the formation of the 
triazoles III and VI from I and II or IV and V may be inhibited 
in the presence of basic compounds thus accounting for the 
failure of the Brunner reaction under basic conditions. 	In 
order to test this hypothesis acetamide and 1-phenyl-2-acetyl-
hydrazine were reacted together under the conditions of the 
Brunner reaction in pyridine in the presence of pyridinium 
chloride, buffer or water. In all these cases the reactants 
could be recovered unchanged. The Brunner reaction therefore 
is distinct from the Pellizzari synthesis of 1,2 14-triazoles. 
A further possibMity was that the acyl hydrazine, assumed 
to be formed as the first step of the Brunner reaction, requires 
a diacylimine instead of a primary amide to form the 1,2,4-triaz-
ole. However only the unchanged reactants could be recovered 
from an attempted reaction between 1-phenyl-2-acetylhydrazine 
-103- 
and diacetimide in glacial acetic acid (with P.L.T.). 
If the Brunner reaction proceeded by the 1-scylation of 
arylhydrazines, as considered by P.L.T. in his U. Sc. Thesis, 
one would expect the enhancement of 1,2 1 4-triazole formation 
on substituting p-nitrophenylhydrazine for phenylhydrazine 
which is not the case. Also the preparation of 1-aryl-1-acyl-
hydrazines by the acylation of arylhydrazines is difficult 
and no such 1-acylhydrezines could be detected in our experi-
ments. 
On the limited available evidence the following machanisni 
appears moat likely. Under acid or base catalyzed conditions 
the hydrazines are acylated by diacylimines to give the re-
actants of the Pellizzari reaction which cannot react further 
at the low temperatures used in the Brunner reaction. In 
buffered media 1,2,4-triazoles may be formed either in one 
step or through the "orylhydrazones" of diacylimines 
PhNHI1H2 + A02I4H 	PhNHN : C(C113 )-NBAc 	•■ • 6) 
(VII) 
or 
PhNEINB:2 + Ac2RE' 	PhNEN:C(CH6)-N:C(C113)0H 
(viii) 
•.•7) 
Either VII or VIII could cyclize to 1,2,4-triazole. Such a 
reaction is easier to formulate with VIII but the experiment 
with p-nitrophenylhydrazine points to the likelihood of VII as 
an intermediate although the exact course of the reaction cannot 
be formulated with certainty at present. It appears certain, 
however, that acylation and the normal Brunner reaction are 
competing processes. Some experiments of Brunner (209, 210) 
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suggest that the intermediate formation of hydrazidines may 
play a role. Prom a quantitative point of vieu this type of 
reaction does not appear to be very likely (209) and no 
hydrazidines have been noted in our experiments. At the same 
time this point deserves further attention and uill be studied 
in the near future. 
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IV, Biochemical studies.  
The major results of the author's biochemical investigations 
are contained in two papers copies of which are attached to this 
Thesis, The former, with P. Dunn, () deals with a modification 
of the meiostagmin reaction for cancer based on the use of reagents 
with low surface activity, Amongst reagents of this kind which 
have been tested by the author acetamide alone was found to be 
satisfactory. The latter paper, which has been sent for publication, 
has been written together with U.D. Jackson who, on the author's 
suggestion has tested the cytological effects of a few 1,2,4- 
triazoles and atylated hydrazines (obtained as by-products in the 
triazole syntheses), Uhile W.D. Jackson was guided in his work 
by Professor H.7. Barber (Botany Department, University of Tasmania) 
and the author, he is solely responsible for the cytological 
experiments (including the preparation of drawings and microphoto-
graphs), ouch of the purely cytological discussion and the inititias. 
tion of the use of 1-pheny1-5,5-dinethyl-1,2,d-triazo1e as an 
auxiliary reagent in a fast process of counting elongated chroinosozms, 
O.D. Jackson is expected to graduate at the time of submitting this 
Thesis; further details of his cytological work on 1,2 0 6-triazolos 
are being reserved towards a post-graduate Thesis. The paper 
with U.D. Jackson contains references to preliminary results of the 
author's investigations with lAss B. Ashbolt and E.A. Parkes and 
to other biological tests which have been carried out at other 
Institutes at the author's request. Further notes of this kind 
have been recorded in a paper by ?olya and Spotsuood (2), 
Details of the author's work with E,A, Parkes are contained in 
the Honours 'Ihesis of the latter, For those reasons this section 
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is limited to a brief suvanary of remits concernik, tho extencion 
of earlier work on the ,7in1ostacc1in reaction (i_1,) which has been 
studied with E,A, Parkes, The ficares have been prepared by 
the latter. 
The test is very sensitive to the craft of purity of 
acetamide, 	ecrystallization of distilled aceta-aide from 
benzene and ethyl acetate (225) is satisfactory if care is taken 
to remove traces of solvent by heatin3 in vacuum and storinL the 
material in a Oesiccator over potassium hydroxide and paraffin 
chips. Precipitation of distilled acetaaide from acetone solution 
with petroleum ether cave material which, by chemical tests alone, 
appeared to be as pure as the former preparation which, however, 
was unsatisfactory for the purposes of the meiostec,min reaction 
for the followinf.3 reasons, 	It cave variable, slichtly but 
sicnificantly lower, surface tensions in aqueous solution than 
the former preparation. Heiostagmin tests with the precipitated 
material could not be duplicated, most tests gave ne3ative G 
values (see 4) for cancer sera and multiple maxima (or points of 
inflexion succestinc additional maximn,) copeared in a number of 
tests, Similar difficulties were experienced with recrystallized 
material retaininfs traces of solvents but such material became 
normal on the careful removal of residual solvent whereas the 
reprecipitated material remained abnormal even on prolon:ed 
It was noted on a few occasions that carefully dried precipitated 
acetamide suddenly became normal. It is sucgested tentatively 
that these observations are due to tautomeric shifts of aceta'aide. 
If the extreme effect of acetamide on serum proteins (correspondinG 
to the minimum of the melostacmin curves) is observed at the limit 
of intei7ral combination between serum proteins and acetamide, 
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one arrives at a protein:acetailide molar ratio of about of 10 -5 . 
Even on the assumption that only the a. lipoglobulins of the serum 
(226) react, the ratio is still of the order of 10 -3 -10 -4 , 
This leads to the hypothesis that only about 0.1 - 0,01% of the 
acetaide takes part in the reaction, Attenpts to clarify this 
matter by meiostagmin reactions with various fractions of acetaraide 
have been unsuccessful so far, 
Neiostagmin reactions on albumin or globulin alone gave 
normal tests. The sane applies to mixtures of albumin and 
globulin although an excess of globulin appears to shift the 
test curve slightly towards the habitue displayed by cancer sera, 
Cancer sera after extraction with ether behave in the modified 
meiostagmin test like mixtures of albumin and globulin. 
Reincorporation of the ether extract does not restore the typical 
cancer curve although it modifies the normal =ryes towards the 
cancer one. These relations are illustrated in Figs. 1 and C. 
Total protein and albumin:globulin assays have been carried 
out on a few cancer and other sera, The average total protein 
for 35 cancer sera was 3.86% and for 13 other sera 7.56% (7 normals 
7,45%, 6 non-cancer , complaints 7.67%). The average albumin: 
globulin ratios were 0.67 for cancer sera and 0.86 for others. 
These figures are consistently higher than checking assays 
carried out by Dr. Z.P.K. ShoobridGe at the General Hospital, 
Launceston who, however, did not standardize his results against 
macro-Kjeldahl determinations as in our case. In spite of the 
considerable differences between the average values for cancer 
and other sera, these assays have no diagnostic value since the 
variations in the cancer and non-cancer series overlap and the 
. 103 - 
different C,VOIT-0,11 are due to a few elfLrelle cases, 
ri1.10 use of 1-phony1-3,h-di'nethyl-l 0 2,/e-triazole (abbreviated 
as "triazole"on the curves) in Peiostacmin reactions Lives con-
siderable qualitative and quantitative differences between cancer 
and non-cancer sera. Pius. 3 and 4 	 ti)e 
reaction on the same dair of scra with 5; acetcrtide and 1-1)heny1- 
3 0 5-dinethy1-1,2,4-triazole. 	It is admitted, however, that more 
experimental work will be needed to confirm the statistical 
sicnificanco of these differences. A rare case of thyrootoxicosis 
save a curve with a sliOat downward slope after the "parallel 
section" of the curve and taus a3oeared to be inter.Dediate between 
cancer and non-cancer cases from the point of view of this test, 
Fit. 5 shows some meiosta,smin reactionSof serum proteins with 
1-phony1-3 0 5-dimethyl-1,2,4-triazole, rurther data will be 
required to elucidate the nature of aqueous protein-triazolo 
systems but the few available datel,suLest that the caAponents 
interact, 
From a theoretical point of view 1-pheny1.3 0 5.dimethy1- 
1,2,-triazole is not an ideal reasvent in diaanostic tests based 
on surface tension measurements. Only freshly recrystallized 
material in fresh solutions sives results which can be duplicated, 
In older material 1,ho surface tonsion roes not cone to equilibrium, 
presumably owina to continuous slow chanes in the decree of 
association in water, Even fresh material does not follow 
Szyszkowskils equation (227) in concentrations exceedias 4-5i!) 
At lower concentrations the Szyszkowski constants are A = 0,13, 
B = 0.25 (calculated by P. Dunn). '..Lhe surface tension versus 
concentration curve for 1-pheny1-3,5-Clacthyl-1,2 0 4-triazolo is 
-109 - 
shown in Fit. G. 
he Sgyszkowski crave for thymus nucleic acid in a borcito 
buffer of pH 7.89 is shown in Fi ,s, 7. ci=he slope of the curve 
does not permit the calculation of significant Szyszkowski 
constant. ileiostamin curves of the same nucleic acid with 
acetamide and 1-pheny1-5,5-dimethy1-1,?,4-trinzole are shown in 
Fig. 8 and inOicate so= measure of chemical interaction between 
the nucleic acid and the two investigated noiostacnin rear'ents, 
As in the case of the meiostac- ,Ktin 1-eaction 7ith proteins, a 
more definite discussion requires more information on the home, - 
geneity and reactive fractions of the components of the system, 
It is hoped to report on these matters in the near future. 
Pinally, another series of incomplete experiments is noted 
owinL to the potential importance of the preliminary findings. 
Acetamide seems to protect serum proteins against coagulation 
by heat. This effect is more pronounced with non-cancer sera. 
A similcr effect was noted with 1-pheny1-3,5-dimethy1-1 0 2. 0 4-triazole 
in which case, however, the conditions of the effect appear to be 
very involved. Transient precipitation :lay occur even in the 
cold at high serum concentrations. Thc protective effect is 
apparent on either side of the concentration corresponding to 
the surface tension minimum but at that concentration coagulation 
or precipitation by heat is enchanced. It was hoped to evolve 
a test.similCtr to the iodoacetic acid test of Huggins, Uuler and 
Jensen (228) on these observations but these attempts have not boon 
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to p.1 : The following papers have been accepted for publication : 
J.B.P. - P.L.Tardrew ( Analytical Chemistry ) 
J.B.P. -T.L.r7potswoodApapers ( Rec.trav.chim.Pays-Bas ). 
For the paper by J.B.P. -P.Dunn set coriection under 
Refelences 4) . 
to pp.5-7: Owing to different editorial requests the author had 
to depart from the sug,ested nomenclature in some of 
the attached papers .Reference to 11.4 ( p. 74-80 ) 
may strengthen ar3uments in favour of the term 
dimlimine although it is possible that an eventual 
proof of . the existence of fo m 4 ( p. 77 , Table 4 ) 
EP a substance of some stability will restrict this 
term to this form only . 
to p. 49 : n-Butyrpl benzamide is not the only diacylimine with 
a double melting poi ,t 	some preparations of 
acetyl propionamide the normal ( m.p. 86 0 ) substance 
is accompanied by a higher melting substance ( m.p. 
116 0  ) . The 1 ,wer melting substance does not deprerm 
the melting point of the higher melting substance . 
This matter is investigated at present with Dr.A.Komzak. 
to p. 53 : Di-n-butyrimide 	requires 8.924 N , 	found 	8.90=4 P.D.) 
to p. 57 : Acetyl butyranilide requires 6.834 N , 	found 6.62"; ( 	P.D.) 
to p. 58 : The recrystalization of 	N,N-diacetyl 2-naphtklamine 
is difficult since the substance is too so_uble in 
the usual solvents • Good crystals were obtained 
by recrystallizing from 	kerosene 	which has been 
washed with sulphuric acid , then dilu - e sodium 
hydroxide , dried over calcium chloride and distilled. 
A fraction going over between 180 - 190 ° was used 
for recrystallization. The crystals may be freed 
from the residual traces of solvent in vacuum (drying 
pistol ) and storage in vacuum over paraffin chips . 
The substance reclysta1lize6. in this manner has still 
a faint yellow colour • The melting point is 67 - 680  . 
to p. 80 : Dr.H.U.Thompeon , P.R.. has agreed to measure the 
the infrared absorption vectra of a number of 
diacylimines , benzylidene and furylidene bisamides 
and triazoles prepared by the author and hie 
studente. Thie work will be carried out early 
in 1951 
Owing to delay of mail e , some publications were received 
too late to receive attention in thie Theis . 
Recent papers by Emery and Gold ( 229 - 231) sudpoit the 
postulated equation b8) ( p.36 ) and may be regarded 
as modc-le for the kinetic exteneione of the work reported 
in this Thesis . 
The abnormal reactions of amides with Grignard compounds (232) 
could be explained by, aesuming that euch amides react in 
the imidol form , or ,_in the case of D,N-disubetituted 
amidee , in the eno.ized form liCii:C(OH)NR 1 2 ( cf.p. 79 ) . 
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COLOA,f7; 	GI? \. -4.....Vre•, -71i)  
by 3.6. kolya 	P.L.erdcw 
(ChamiBtry . 0epa!Ament, University o as2ania, Hobart) 
Summary: Diacylamides mny be assayed by tonvertinc them 
to hydroxamic acids and neas1rin7 the optical 
deity after a0din ., .ferric eloloride. readily 
soluble diacylamides, if present in biolojcal 
systems, would interfere ';.e some extent with the 
acetyl yihoshate assay of 27,1pruann and Tuttle. 
VolloaInd the Lipmann. Tuttle procedure but 
tzs1n7 uoro alkali for shorter reaction times 
diacylanides may be deterzlined with an error 
of 4. Tho assay Is not suitable for N.foroyl. 
amides rapidly hydrolyzed diacylcoldes like acetyl 
chloroacetamide and acetyl Vhosphamide. 
Lipmann and Liuttle (1) have developed a procedure to 
assay acyl phosphates by convertim7 the orcanic acyl' radicals 
to hydroxamic acids qhich cive intense coloration with ferric 
chloride. since purel7 orcanic anhydrides or adyl chlorides 
are not likely to occur under biolof4cal conditions and esters 
or amides do not react under ho exporlimontal conations the 
method is claimed to be specific for ceyi phosphates In 
biological naterials. 12 it possible, however, that diacyl. 
amides of thn Lenora' formula 1100.Mit.0001. may occur in 
,Aolor24cal systems, 	ie Lipmann.Wattio aseay was applied to 
number of representative compourOs of this class. Dibenzamide 
(1), formyl benzanide (4 ), diacetwzide (10) and other diacylsi 
amides with ris = 11 (7) were prepared by l?reviously 
. 2 
described methods. Other diacylamidos were prepared by the 
acylation of the appropriate rvines or amides with anhydrides 
in the predence of acyl halides or thionyl chloride in 
catalytic amounts (3), Otherfagents were commercial products 
of analytical quality. 
The reagent solutions were those recommended by Lipmann 
and Tuttle, They were prepared fresh and used in the quantities 
and order as sucr,ested by the oricinators of the method. 
The colors were compared with a HilGer Speldicer Absorptionmeter 
using 1 cm cells Ilford 608 gelatine filters and a mi.:Aura of 
the reacents only as reference, This Gave convenient readings 
for the assay of succinic anhydride or acetyl phosphate in 
concentrations ranGinc from 0,025P to 0,100P with an error of 
+4%. This procedure was not suitable for diacylaides since 
some of them were not sufficiently soluble and even diacetamide 
gave low density readines with an error of + 18, Table 1. 
refers to avert‘Le values from four measurements each, with 
errors indicated above. 
TILE 1. 
polar concentration Density 
SucCinic Anhydride 	Diacetamide 
0,100 1,18 (413 
0,075 0.89 0411 
0,050 0,50 0,09 
0,025 0.30 0,05 
3 4. 
Better reuults were obtained by increasing the alkalinity 
of the reaction mixture and limitin,l; tho reaction time to 
2 minutes, In this modified procedure 1 cc each of 4n 
hydroxylamine hydrochloride solution and 3.511 sodium hydroxide 
are mixed and 1,0 cc of the recommended acetate buffer is aeded. 
The solution to be analyzed (2 cc,) followed by another 0,2 ce, 
of the 3,0 5H sodium hydroxide are added in this order and the 
mixture is allowed to stand for 2 minutes at roof: teuperature 
(18-200 ). The subsequent operations are those mcommended 
by Lipmann and Tuttle. Ilford 604 Gelatine filters were 
used in the modified procedure. Dibenzamide is not sufficiently' 
soluble in water and was used dissolved in 1% sodium hydroxide, 
Other relatively insoluble diacylamides like acetyl and propionyl 
benzamide hydrolyze too rapidly in alkaline solutions. In 
such cases the assays had to be restricted to lower concentrations 
in water only, Although N.methyldiacetanide is very soluble 
in water, such solutions hydrolyze rapidly and the assay must be 
carried out without delay. Even then the assay has an error 
of +7% against +4% in other cases with the exception of acetyl 
chloroacetamide which is assayed with an error of +22%. The 
method is not suitable for the assay of N-formyl amides since 
the colour fades within a few seconds. , The reaction therefore 
proceeds as MCONRCHO + NH2011 	 1110011112 + 1iC(:0)1111011 
in agreement with previous theories (7), Uydantein, Nsoethyl. 
Ni-acetylurea, succinimide and acetanidirie save little or no color. 
Acetamide in a 53 (0.847U) solution gave an intensity of 0,27 
+0.02 correspondinG to that given by approximately 0,0025M 
solutions of diacylamides. The /1-bromo and N-bromo.marmesium 
-4- 
derivatives of diacetamide (6) gave the color test which, however, 
was not suitable for quantitative purposes owing to the instability 
of these .compounds under the experimental conditions. The same 
applies to a leaser extent to acetyl chloroacetanide but the 
colorimetric assay of some halogenated diacylamides could be . 
supplemented by fluerimetric or spectrographic methods (0„ : 
Raters interfere.  in the presence of excess alkali (II) although 
this is notthe case In the original method of Lipmann end Tuttle. 
Howeverthe removal of eaters from solutions containing acyl 
phosphates is difficult or impossible, whereas the separation 
of esters from most diacylamides is cemparatively 
Average results of sin assays (four assaytonly for aoetyl. 
chloroacetamide) are shown in Table C. The errors indicated 
above refer to concentrntione from 0..0025M to 0.010014.. At 
0.0010U concentration the errors are estimated at +9405.. 
The density versus conefttration curves may be regarded as 
linear within the stated range of errors and may be used for 
the rapid determination of snail amounts of diacylamides. 
The assays may be duplicated with an error of 40 only if 
succinic anhydride is used in the •reference cell as la the 
original Lipmann4ruttle procedure. Diacetamide is unsatis* 






0,0075M 	0,0050M 0.0025M 0,0010U 0,0100U 
Succinic anhydride 148 0.89 0,59 0,30 0,14 
Diacetamide 1.33 0,99 0,65 0,33 035 
13-methy1diacetamide 1,07 0,73 0.50 0.70 032 
Diaeetanilide 1.33 0,97 0,05 0,30 0,14 
Acetyl propionanide 1,29 0.05 0,64 0,32 0,15 
Dipropionamide 1.39 1,02 0,69 0.34 0,14 • 
Acetyl benzamide insol e insol e 0.69 0,30 0.16 
Propionyl benzamide insol, ,insol, 0,72 0.35 0.16 
Dibenzamide 1,75 1,25 0,82 0,41 0.19 
Acetyl chloroacetamide 1.10 0,65 0.52 0,27 **4044 
, 	- 
Analytically pure disilver acetyl phosplicimido has .been 
prepared by dehydratins and acylatins moneanmonium phosphate 
with acetic anhydride in excess in the presence of thionyl 
or acetyl chloride and precipitation from an aqueous solution 
with silver nitrate (?). Like benzoyl phosphamide (1q), 
acetyl phosphamide appears to be relatively stable in aqueous 
solution. Removal of the silver by thioacetamide resulted in 
solutions from Which the oriGinal silver compound salt could be 
regenerated with a, loss of 71.86g. Such silver-free oolutions 
could not be used for the assay because of a slowly fadinl; Green 
colour duo to residual thioacetamido in the solution, 
Fresh extracts of disilver acetyl phosphamide with 4 slight 
excess of 10'iL sodium chloride solution did not give the test 
either by the original or the nodified Lipmannjiuttlo procedure. 
A faint colour appeared occasionally after standinz for a few 
hours* This suggests that the cleavage of acetyl phosphamide 
by hydroxylamine yields acetamido and phosphohydroxylamine 
probably followed by the rapid hydrolysis of the latter * 
The original and modified test has been applied to cancer, 
diabetes, pregnaney and normal human serum and to albumin, 
globulin, euglobulin and pseudoglobulin fractions of such sera. 
As a rule the test was negative but a few fresh, defibrillated 
sera from diabetic patients gave a faint purple color which 
was retained in the centrifuged precipitated proteins. 
The authors wish to acknowledge a grant from 
Mr, E.J. lialstran and thank aessrs, G.C. Dratt and P. Dunn 
for pure preparations of some of the investigated compounds. 
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=DES VI. : Studies on Acetomide end Diocetimide.  
by P. Dunn end 3.3. Polyv 
Chemistry Department, Universit 
of Tosmonia, Hobart. 
SMEARY: Diecetimide is bc-st purified by recrystallizetion frau 
petroleum ether. The Lelting point curve of mixtures of 
ocetemide end diecetimide estebliehes the existence lf 
AcUH2 .Ac2NH and coy be used for the opproximste evoluation 
of the purity of diacetimide preparations. Aqueous solu-
tions of acetic acid, acetenide and diecetimide obey 
Szyszkowski / s equotion. Aqueous solutions of diecetimide 
ere less stoble then those of ocetomide end decompose with 
S monomoleculor velocity constont. 
The present peper reports cheuicel studies in connection with 
blochemicol investigations on surfoce tension buffering in herlan 
sere (1). Eorly experiments indicated 'not, uhile acetemide solu- 
tions gave consistent results, it . ves impc6sible to duplicste results 
with satisfactory accuracy when using diocetimide prepared by the 
improved Hentschel method (2). In this uethod ocetamide and die-
cetimide are separated by treoting their ethereal solution uith dry 
hydrogen chloride which precipitates bisacetemide hydrochloride and 
leaves diacetimide in solution. Simple as the tiethod is in principle, 
considerable experience is required to obtain neutral diacetimide 
free from acetomide. The recoval of hydrogen chloride is effected 
by potassium carbonate end boriun carbonate but this procem.: is not 
fully effective unless a trace of voter 18 present. In the letter 
case, however, Glom° of the diacetimide will be hydrolysed with the 
formation of acetanide. Even the best preparations, as judged by 
-2- 
analysis and melting point, uay retain traces of hydrogen chloride 
which reduces the stability of aqueous solutions. This effect is 
easily tested by measuring the surface tension of discetimide solu-
tions. In 5; aqueous solutions of pure ocetsmide and diacetimide 
have surfece'tensions of 70.1 and 67.8 dyne/cm respectively. 	(All 
surface tension data in this paper refer to dyne/cm units at 10 C° 
and are denoted by the symbol 	If acetic acid is present the 
surface tension may sink as low as 49 dyne/cm, although acetic acid 
is not solely responsible for this effect. 
Systematic recrystsllizstion from petroleum ether instead of' 
Strecker's hydrogen chloride method reduces the yield but gives very 
pure and stable discetimide. Petroleum ether boiling between 60-80 
Co is the most suitable for this purpose. Higher boiling fractions 
dissolve too much acetemide and the solubility of discetinide is too 
low in lower boiling fractions. This Eethod of purification has 
been applied with success to other diecylimines, such as acetyl 
propionamide, monochlorodiacetimide and acetyl benzaraide (3). 
Uelting points of pure scetamide and discetimide were plotted 
against percentage composition. Eutectic minima were noted at com-
positions corresponding closely to molecular acetamide-diacetimide 
ratios of 1:2 and 2:1.- A maximum appeared at the molecular compo-
sition of 1:1 (Figure 1) thus indicating the existence of 
AcH112 .Ac2DH as a chemical individuum (4,5). 
Molecular weight determinations could not be carried out since 
the compound dissociates readily in solvents. The series of fused 
mixtures was dissolved in distilled water to give 5Z solutions. The 
surface tension versus cm.iposition curve was plotted for this series. 
0 
-3- 
The curve was irregular end could not be duplicated with precision 
but it seemed to follow the melting point curve. The results of 
these experiments are shown in Table 1 which may be used for the 
approximate determination of the purity of diecetimide preparations. 
. TABLE 1 
%Ac2NH 
in mixture %AcBE2 in mixture 
Melting 
point uC. 
of 5% Soln. in distilled 
water at 18°C. dyne/cm. 
0 100 79 70.2 
15 85 71.5 69.3 
22.5 77.5 67.0 69.2 
30 70 64.5 68.5 
37.5 62.5 61.3 68.5 
45 55 60.0 68.1 
50 50 61.0 68.0 
54 46 63.0 67.7 
60 40 65.0 68.0 
63.1 36.9 65.7 68.2 
70 30 63.0 67.8 
75 25 61.0 67.6 
77.2 22.8 59.0 • 67.8 
82.5 17.5 61.0 67.8 
84 16 62.0 67.8 
90 10 69.0 67.7 
100 0 79.0 67.8 
When 5% solutions of acetemide and diecetimide were mixed in 
various proportions, the surface tension versus composition curve 
showed a regular, slightly hyperbolic habitue without maxima and 
—4— 
ulnluz. It epDecro therefore that the eeetspidc—dicectiLside coia- 
plex le not foie d in ueter elthaugh decopposition of the couplex, 
forned during fusion, is ot inotalltsnoons. Those euperlEents uere * 
repeated in solutions uith c totol concentrction of 10:1. 	I 
furthor series the exElerifc.ents ere repeated uith the addition of 
cootie cold in quantities equiElolecular uith ccotanide to the 
solutions. This wcs done to study the behavilus f ecaullosing 
solutions of dieeetioldo in uhich oeetcuide cad ceetic ecid cre 
forned in equiuDloculcr vontitics. If the surfsee tensions of 
kIJ end 10;"/J solutinns containing seetsuide sad disceticide only 
ere dosignoted GO iu cad 3joi end corresponding solutilns coutcin-
ing ocetic Dela in emiooleculer appunts with seetautide 6/5j cnd 6 .3.0j 
for corresponding acetnElide—discetioide ealapositio*s, it will be 
seen Met qol 6:loj / 65i — 5j = 1; is oppro;ciustely constant. 
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The s rfcce tensions of acetic odd, scetcnide and diceetiuld 
In wctor were nessured et differk;nt dilutions (Figure 3.). 
-5- 
Writing 0 for the surface tension of water, 	for that of 
aqueous solutions C for the concentration of the solute (moles/litre; 
with A end B for constants, Szyszkowskitta equation (6) states 
 




The constants A and B have been determined graphically for acetic 
acid, acetamide and diacetindde and are shown in Table 3. These 
constants have been determined for acetic acid by Traube (7) whose 
results we were able to confirm. Tables 4, 5 and 6 show the good 
agreement between observed values and those calculated from the 
constants appearing in Table 3. 
TABLE 3.  
A B 
AcOH 0.37 0.32 
AcNHe 0.74 0.12 
Ac2NH 0.64 0.29 
TABLE 4.  










































TABLE 5.  
Acetemide in Water T = 18
0 
 
C Mols/Litre t / (obs) calc.) % error 
0 73.0 ■■• NM* 
0.106 72,4 72.5 +0.14 
0.212 72.0 72.0 0.00 
0.424 71.2 71.3 +0.14 
0.847 70.1 70.1 0.00 
1.271 69.2 69.1 -0.14 
1.695 68.4 68.4 0,00 
2.543 67.2 67.3 +0.14 
TABLE 6.  
Diacetimide in water T = 18° 
C Mols/Litre h/ (obs) ,(calc.) % error 
0 73.0 4111810 IBM 
0.061 72.1 72.2 +0.14 
0.124 71.4 71.4 0.00 
0.248 69.8 69.9 +0.14 
0.495 67.8 67.8 0.00 
0.743 66.0 66.0 0.00 
0.990 64.5 64.5 0.00 
-7- 
No significant results could be obtained with the following 
compounds at 11181X1EITIM concentrations shown in brackets: urea (10; 1J) 
emzionium acetate (2W) and acetyl propionemide (0.5;1). In the 
latter case the slight solubility and moderate surface activity of 
the compound presented a difficulty which could not be overcome 
with our equipment. The some applies to surface tension measure-
ments of mixed acetemide-diecetimide solutions at total concentra-
tion lower then 2. Bisocetamide hydrochloride in 15 55 aqueous 
solutions had a surface tension of 66.5 dyne/on. Owing to the rapid 
dissociation of this compound in water, this figure is not signi-
ficent in itself except for the fact that the presence of traces 
of bisecetemide hydrochloride may be disregarded as one of the 
factors responsible for ebnorually low surface tensions of diaceti-
mide solutions. 
Mien the material reported so for is viewed es a whole, it will 
be seen that our initial problei remeins unsolved. The decompositior 
of diecetimide in wetter, as for es it is known, yields acetic acid, 
acetemide and (in neutral solutions) Lluonium acetate. Low surface 
tensions of around . 50 dyne/cu in 5;1 diecetimide solutions cannot 
be traced to any of these compounds since even the complete hydroly-
els of such a solution to acetic acid and ecotemide would yield an 
approximately half-molar solution of acetic acid with e surface 
tension of 64.0 dyne/cm. and an ecetemide solution of similar 
molerity with a surface tension of 70.1 dyne/co. The surface tension 
of on aqueous solution containing acetic acid and aceteuide both 
at half-molar concentrations; is 61.0 dyne/cm, that is considerably 
lower then that of either constituent or any linear sum of the 
-8- 
constituent surface tensions. To explain the effect one Lluot 
essulae the existence of molecular adducts with decreased solubilitiet 
In water. In the cose of the peir cootie acid ccetafide this view 
is strengthened by the wort of 1,uck end his collaborators on coci. 
binction between acids on scru_. proteins (3).° In pnirs involving 
diccetimide this theory is sported by on observation which, el—
though not fully elucidated, is stwprising enough. Concentroted 
solutions of diecetiuide becu cloudy on standing end small counts 
of en insoluble matorial precipitote. The process is speeded up 
by adding notessium carbonate, even to dilute solutions of disceti-
Elide, so cc to bring the pH to about 9. Yields ore poor by either 
nethod and do not excead 0.3;. The Lat:Ticl is colourless, 
amorphlus or microcrystalline, insoluble in wet(T, alcohol, ether, 
ecotone, chloroforu, dilute acids end alkalle but sot:my/het soluble 
in glacial cootie cold. The substance has en unsherp melting point 
crouncl 300 e end contains nitrogen. The uurexide teat end tests 
for known xanthine end pyriuldine compounde uere neL;ctive. 
All this weakens coilewhnt the validity of essuLing the single 
equation 
Ac2 1H + H20 	.1107112 + AcOH 	2) 
ss the governing rrinciple of the decomposition of diccetiuide in 
caw:1u° colutions. It will be seen, however, that 77c iuution 2) Liey 
be used for the epproximrte description of the decouToNition of 
aqueous diecetinide solutions on standing. teetauido in 0.1, 1, 5 
and 1O, solutions did not show significant pH changes over 4 days 
hence it must be regarded es very steble. Surface tension measure-
ments in biological ciedio, however, revoaleu that this stability 
-9- 
is apporent only end does not extend to more then s day or GO (1). 
The . pH °henget: of 1;;;ond 5 ,;:) solutions of diccetimide in uster uere 
observed over 480 hours et 18 C c). The pH volues uere converted 
to the corresponding conceatrotilne of ocetic ecid end thus the 
degree lf the hydrolysio of diecetimide old the rote constont for 
monaaoleculer reocti)n uere colculoted. In spite of such on 
imperfect procedure the velocity constont k ues found to equal 
1.66 x 10-4 in both experiments (Figures 4. end 5., Tables 7. and 8.) 
A colorimetric sassy of diccetimide is being investigated at 
pre ent. This till permit MOM detailed kinetic studies in the 
near future. 
-10- 
r211137,71 rt.  
TiEC I 	(hrs.) PH Ac011 Eols/litre ;!) Dissocistion of AcoDil k (hrs.) 
   
0.05 5.08 0.000031 0.006 =lb 
0.5 4.80 0.000050 0.010 
1.0 4.60 0.000073 0.015 dIM 
2.0 4•35 0.03020 0.04 
3.0 4.23 0.00031 0.06 .11111. 
4.0 4.15 0.00040 0.08 
5.0 4.07 0.00051 0.10 AIM 
6.0 4.02 0.00060 0.12 •••• 
6.6 4.00 0.00065 0.13 ON. 
7.0 3.98 0.00070 0.14 ONO 
-A 
8.0 3.95 0.00080 0.16 2.01 x 10 - 
30.0 3.69 0.0029 0.60 2.00 x 10
74 
60.0 3.50 0.0053 1.1 i.8e. x 1074 
90.0 3.40 0,0080 1.6 1.79 x 10-4 
120.0 3.33 0.011 2.2 1.85 x 10
-4 
-A 
150.0 3.28 0.013 2.6 1.76 x 10 - 
.180.0 3.25 0.014 2.8 1.58 x 10-4 
240.0 3.19 0.017 3.4 1.44 x 1074 
300.0 3.14 0.020 4.0 1.36 x 1074 
360,0 3.09 0.025 5.0 1.43 x 10-4 
420.0 3.04 0.032 6.4 1.58 x 10-4 




Tioe pH Ac OH ;1 Disoocicti '.Jn K (hrs. -1) (hrs.) no1o/1itre of Ac~mI 
·~\ 1%· 1.:i\!. 
0.05 5.77 0 0 
0.5 5.60 0.000010 0.010 
1.0 5.46 0.000014 0.014 
2.0 5.20 0.000025 0.025 
3 .• o 4.97 0.000037 0.037 
4.0 4.83 0.000047 0.047 
-
5.0 4.70 0.000060 o. '160 
6.0 4.63 0.000068 0.068 
7.0 4.56 o.ooooao o.oao 
a.o 4.52 o.ooooDo 0.090 1.12 x 10-4 I 
30.0 4.16 0.00040 0.40 1.34 x 10-4 
60.0 3.94 0.00082 0.02 1.37 x 10-4 
90.0 3.82 0.0016 1.6 1.79 
-4 
x 10 
120.0 3.74 0.0023 2.3 1. 9"1 x 10-4 
150.0 3.68 0.0029 2.9 1.96 x 10-4 
180.0 3.64 '1.0033 3.3 1.56 x 10-tl 
240.0 3.59 0.0045 4.5 1.54 x 10-4 
360.0 3.49 0.0055 5.5 1.57 x 10-4 
420.0 3.45 0.000'1 6.41 1.58 -4 x 10 
480.0 3.41 0.0075 7.5 1.62 x 10-4 
The everefle volue o~ k for oll t1w.es arcster or equal to 30 hours 




All experiments were carried outin a thernostaticelly con-
trollectlaboretory at 18 e. The surface tension measureuc:nts were 
carried out with a Cambridge Du tTouy Tensiometer. A Larconi 
Electric pH-Leter was used for the pH Leasurewents. 
For the quick preparation of pure diecetimide in poor yield 
crude diecetipide distilled from the reaction mixture (2) is 
recrystallized 3 tiLles frou 12 - 15 parts of petroleum ether (60-80(i ° 
to give a melting point of sp.() — 80.5° (corr.) . in a yield of 30 - 4051 
The mother liquors or Crude materiel may be recrystallized 
systematically to give gold yields and melting points. The mount 
of solvent varies with the eceteuide .content of the crude preparation. 
In the average case the crude material is extracted by simmering 3 
times with petroleum ether (12 cc. per 1 g.) for about 10 minutes 
and decanting from the undissolved molten ecetemide layer. The 
extracts are allowed to crystallise separately. The melting points 
are token and fractions with similer Pelting points are jointed for 
further recrystollizetion from petroleum ether. The fraction with 
the lowest welting point is combined with the rceidues obtained on 
evaporating the mother liquor. Further rocrystollizations are 
carried out with decreasing amounts of solvent. The progress of 
purification is checked with the help of Figure 1. After 3-4 
recrystellizetions it is posoible to obtain 70 - 80;1 of the crude 
materiel as pure diecetimide (pp. 795 - 80.5° , corr.) in addition 
to a fraction of pure sceteraide. About 10 - 15;1 of the crude product 
remains in the mothcr liquor as diecetimide of 60 - 80;' purty and 
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AMIDES VII. 	The Use of Diacylimines in the Perkin Reaction.  
by J.B. Polyp end T.L. Spotswood, 
'Cheuistry Department, University of Tasmania, Ulbart. 
Summary: The base catalysed reaction between diacylimines and 
aromatic aldehydes or furfurel affords good yields 
of the expected unsaturated culdes. 
6.g. 3-(2-fury1)-2-methy1-2-propenoic amide, may be 
prepared by this method with a yield of 715. Chloral 
and 342-fury1)-2-propenal give poor yields of the ex-
pected unsaturated amides but these yields are higher 
then those obtained through the norual Perkin reaction. 
The mechanism of the Perkin reaction is discussed in the 
light of new experimental evidence. 
It has been reported that diacetirAde (Ac2ITH = I), reacts 
with benzeldehyde in the preserce of sodium or potassiuu acetate 
to give cinnamerAde as the Lain product and benzylidene bissuldes 
as byproducts (1). The reaction has been extended to the use of 
other, symmetrical end mixed, diacylimines with benzeldehyde, sone 
substituted benzaldehydes, furfural (Folio), furyl acrolein 
(PCH:CHCHO) end chloral. 	The present paper is restricted to the 
discussion of that part of these experiments which deals with the 
Perkin reaction. A second publication will deal with the chei .listry 
of bissuldes some of which had to be prepared by iaethods other than 
the Perkin reaction. Reference will be made to the forc2ation of 
bisamides in the present paper but preparative details end con-
stitutional proofs will be reserved for the following publication 
. in this series. 
-2- 
The general technique of the Liodified Perkin reaction wes 
based on earlier work. Confiruing earlier Andings, it has been 
found that bisenide formation does not occur at louer reaction 
temperatures (125-1500); that the beat yields of biscuides are 
obtained at reactio temperatures of about 160 0 in the presence 
of potassium acetate and that reaction te:,Iperaturec of about 220 0 
In the presence of sodium acetate give the best yields of aEldes 
with very lot yields of bisamides. 	These observations refer to 
benzoldehyde and its derivatives. 	The use of furfurril in the 
modified Perkin reaction requires lower tei-peratures to avoid 
resin foruation. Bisamides of furfurel do not appear to form 
under any of the invostigoted conditions. Under the optiLun condi-
tions of .amide fori.mtion the amide/bisanide ratio is 18-19 or 
occasionally much higher in the benzaldehyde series. Under the 
optimum conditions fovourinE the foruntion of benzylidene bissi,ides 
the anide/bisamide ratios are only a little higher than 1. The 
preparation of 5-(2-fury1)-2-4-pentedienoic acid (FCH:CII-CII:C1C0011 
= II) by the normal Perkin reaction (2) gives a yield of 6 only 
whereos the modified Perkin reaction affords the corresponding 
amide (not isolated) which after acid hydrolysis gives variable 
(9-20;1) yields of the acid. The expected hisamides are not 
formed. Chloral in the norual Perkin reaction gives a 1;7) yield 
of 4,4,4-trichloro-3-hydroxy-butanoic acid whereas the modified 
porl:in reaction gives 5(„1 of the corresponding unsaturated snide, 
013C.CH:CH.001U2 = III, presumably in the trona-fora. Cold al-
kaline hydrolysis affords fuiaoric acid frixa dither product. 	The 
. latter experiments are of no practical voluo except for the indi-
cation that the modified Perkin reaction may be preferable in cases 
-3- 
where the normal Perkin reaction is ineffective. 
According to our own experiments, partly substantiated by 
other evidence (3), the Knoevenagel, Doebner, Claisen end Re-
formotsky methods do not yield II fro liA furyl acrolein. Further 
work on II and related compounds will be roported in another 
connection. In agreeyient with earlier observations, the formation 
of acids corresponding to the aldehyde or the expected amide is 
negligible in the benzaldehyde series: only a feu milligrams of 
such acids can be isolated from m/10 experiments. In the case 
of furfural however, appreciable amounts of furoic acid are 
formed in addition to much resinous uoterial which seems to take 
the place of bisanides. 
In addition to I the following diocyliolnes have been used 
in this work; acetyl propionemide, AcITHCOBt = 	dipropionimide, 
(EtC0)2N11 = 	acetyl benzaulde, AcITHCOPh = VI. 	The experiLental 
conditions, products end yields are listed in Table 1. 	The emides 
listed are the following; cinnamemide, PhCH:CHCONH2 = VII; 
a-methylcinnamanide, PlaCH:CMCONH2 = VIII; 3-(2-fury1)-2-propenoic 
amide, FCH:CHCODH2 = IX; 3-(2-fury1)-2-methyl-2-propenoic amide, 
FCH:CEeCONH2 = X and III. 	II obtained by the modified Perkin 
reaction from furyl acrolein and IX with X as obtained from FCHO 
and IV are listed under the amides although these hove been iso-
lated as acids only in these experiments. In the case of ring-
substituted products the position and nature of the substituents 
are shown in brackets after the formulae of the parent compounds. 
Double rows of products in experiments with IV refer to the iso-
lation of two major products. In the column headed "Acids” 
yields of corresponding acids obtained from the normal Perkin 
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reaction are shown for coniparison; some of thcse date have been 
obtained from the literature and are shown with the appropriate 
references in such cases. Yields have been rounded off to the 
nearest integers. Temperatures refer to those of the oil bath. 
TABLE 1.  
. ; .... 
Aldehydes RCOFHCOR t Base Temp.C°  Time Hrs. Amides Products Yield Acids yield 
PhCHo I AcONe 220 8 VII 81 48-52(4,5) PhCHO I AcOK 180 5 VII 38 60-72(6,7) : , PhCHO I AcONe 150 14 VII 33 
PhCHO IV AcONs 220 8 VII 46 .... ;:‘ VIII 37 . . , PhCHO IV AcOK 180 5 VII 22 VIII 18 
PhCHO V AcONs 220 8 VIII 74 60-75(8) 
, . PhCHO V AcONe 140-150 20 VIII 89 PhCHO V AcOK 180 5 VIII 40  	.. 
... ; . 	. 	. 
. 	. 
PhCHO PhCHO 
Vi VI AcONa AcOK 
220 .180 8 5 VII VII 
88 39 
FCHO I AcONe 180 5 IX 74 65-70(10) 
.. 	 FCHO I AcOK 140 3 IX 60 
FCHO IV AcONa 180 5 IX (acid) 40 
... FCHO V AcOrls 180 5 X 71 
.. 
FCHO V AcOK 140 3 X 53 
FCHO VI AcONA 180 5 IX 83 FCHO VI AcOK 140 3 IX 61 
FCH:CHCHO I AcONa 160 5 11 (acid) 9-20 6 
Chloral I AcONe 220 8 III 5 1 Chloral I AcOK 180 5 III 5 
........... 
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The yields of pure amides from the modifidd Perkin reaction 
are somewhat higher than the yields of corresponding acids from 
the normal Perkin reaction. The conversion of acids to amides 
does not occur with theoretical yields, hence the modified 
Perkin reaction may be of some economic value in the direct pre-
paration of amides in certain cases. 	The trends of yields in 
the acid and amide series in relation to the cheuical types of 
the reactants follow identical courses and indicate that the 
mechanisms of the normal and modified Perkin reactions are ident-
ical or very similar. The criticism of some early theories of 
the Perkin reaction (1, 11) need not be repeated and we shell 
proceed to the analysis of the present results on the basis of 
the mechanism proposed by Breslow and Hauser (12). 
The first step is the enolization of the enoliZable reactant 
(anhydride or diacylimine) by B y a basic catalyst: 
CHC:0 + B 	(C...C...0) - + 	 • • • 1) 
The dotted lines in this and other equations indicate the ex-
istence of resonance ideals, C:C-07 end C - C:0 in this case. 
For the sake of greeter clarity the essential skeleton only of 
the reactants isehown. The enolate anion reacts with the 
aldehyde: 
RCHO + (C...C...0)- 0 -CHR-C-C:0 r___ 	(XI) 
Reaction between the conjugate acid of B and XI regenerates the 
base 
XI + RCIOH)-C-C:0 + B T--- 	X/I) • • II • 3 ) 
111, • • • 	) 
end XII may undergo stabilization by further reactions which 
will be considered later. In the case of anhydrides the 
-6- 
enolizoble reactant is not enolized in the absence of suitable 
catalysts, or sEell amounts of enol which coy be present cannot 
change into the enolate anion. For ouch reasons the uncatalyzed 
normal Perkin reaction does not occur to any ap -Teciable extent. 
The position is different in the case of diacylinines, for which 
it has been shown (13) that enolic foron are prc-sent in appreciobli 
amounts even in the absence of catalysts. Furthermore the 
postulated enolic form RC:C(OH)-1h4C(OH)-R' is basic as shown by 
the existence of stable oluminiuu chloride complexes (14). . Thus 
the formation of enolote anions is possible even in the absence 
of catalysts, and the modified Perkin reaction uzy proceed without 
catalysts (1). 
Spectrographic evidence indicates that the diacyliEines 
containing a propionyl rest are more enolized than those contain-
ing acetyl or chloroocetyl rests only. In addition to the in-
creased extinction coefficients for diocylinines containing 
the propionyl radical against those containing acetyl or chloro-
acetyl radicals a red-shift is observed for the former. 	This 
Indicates resonance stabilization of higher order, possibly 
through hyperconjugetion. These two effects orwose each other 
with the result that the yields of amides from I, IV. and V. in 
either the benzene or furfurol series are not significantly 
different. Both in the norLal and the modified Perkin reaction 
dipropionyl derivatives give the best yields if the reaction 
teupercture is decreased and the time of reaction increased. 
This may be due to relative instability at higher temperatures 
or to steric effects. 	Resono7.1ce stabilization does not account 
for this effect since lower teuperatures and increased reaction 
-7- 
tines reduce the yields in the cases of acetic anhydride and 
diecetimide, the resonance energies of Much are not expected 
to be significantly lower then those of the corresponding pro- 
pionyl compounds. Reactions with IV indicate that the increased 
enolizetion effected by replacing one ocetyl group of diecetimide 
by the propionyl group affects the remaining acetyl group more 
strongly then the new propionyl group, since VII predominetes over 
VIII and IX over X. The combined yields in thcse cases ere 
significantly lower then those frou experlizonto with VI. This 
is best explained by considering thet the uodified Perkin reaction 
VI may occur in one way only and will have a greeter probability 
factor then reactions with IV. The reactive foeu of VI accord-
ing to the Breslow-Hauser theory should be PhC(OH):N-C(OH):CH 2 
(XIII), or rather its enolate. Spectrographic studies indicate 
the presence of some PhC(:0)-N:C(OH)C113 which is probably respons-
ible for the hydrolytic and elcoholytic reactions of VI (15, 16). 
It is clear, however, that the larger portion of VI is character-
ized by a spectral curve which is closely smiler to that of 
benzemide. The latter must be essuued to exist mainly in the 
imidol form (17) related to XIII. 
Addition of the enolate onions to aldehydes will be enhanced 
by substituents on the letter if these substituents tend to 
attract electrons or counteract the "flow" of electrons towards 
the carbonyl carbon atom thus increasing the polarity of the 
C:0 bond. The effect of ortho, pare or i_eta nitro substituents 
is readily understood. As regards o-chlorobenzaldehyde, it 
should be remembered that the mesomeric and inductive effects 
of halogen on the benzene nucleus are opposite and aluost evenly 
-8- 
balanced and that chelotion would promote the polarization of 
the 0:0 bond by en alternative mechonion. The lock of reactivity 
of furyl ocrolein both in the normal end ;AndifieG Perkin reaction 
cannot be explained at present. 	The well-known lack of reectivit3 
of unsubstituted aliphatic aldehydes end of ketones is explained 
by the Robinson-negative inductive effect of the groups attached 
to the 0:0 group in all these cases, although better results are 
obtained if strong organic bases are used as catalysts (18). This 
argument breaks down in the case If chlorol which, however, may 
present a case of a smell, elmost spherical nolecule shielded 
by the strong negative fields of the chlorine etoms and the oxygen 
which prevent the effective approach of the enolote anion. 
The existing information is not sufficient to establish the 
mechanism by which XII is converted into the acid or amide which 
constitute the major products of the norual or the modified Perkin 
reactions. Two possible nachonisus are the following:- 
RCHOH.CHW.CONHCOR" 	> RCH:C8 t .COMICOR" + H20 
(XIIa) 	 (XIV) 
....4) 
with subsequent hydrolysis of xrv or 
XII8---1 R0H(00CR").0IEZ t .001H2 	....5) 
(XV) 
XV 	RCH:CR'C0IT112 + RuCOOH ....6) 
In either case the final products are identical. The 
mechanism illustrated by equation 4 is unlikely, in view of the 
facts that at the reaction temperatures comonly eiiiployed unst 
of the water would be removed and that the hydrolysis of din-
cylimines occurs more slowly than that of the anhydrides. Thus 
the higher yields of the undified as against the norol Perkin 
Reaction would be difficult to explain. i0.so we never succeeded 
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in isolating diecylimines of the type XIV. The arguEent that 
hither diacylimines of this type are unstable at the reaction 
temperetures used in this work is not valid since such instability 
is due to dissociation into the corresponding acids and nitriles. 
The latter Light be conveE,ted into the required oracles but the 
liberated said could be isolated as ouch frol_i the reection pro-
duct. dhen A." is the phenyl group, hydrolysis of XIV affords 
benzemide and the "aliphatic" ecyl radical is changed into the 
acid. Similarly pyrolysis of XIV with R" = Ph would be expected 
to yield benzonitrile and benzemide in addition to cinnamic or 
furyl acrylic ecid from experiidento with VI. This is not the 
case and it is more plausible to essume that the stabilization 
of XIII) occurs Licinly or exclusively through the nechenisLi repre-
sented by equations 5 and 6. There is some evidence for this 
mechanisLi from studies on the noruol Perkin reoction (19). Bvi-
dence of a different kind from modified Perkin reactions is being 
completed and will be reported shortly. To complete the dis-
cussion, it should be pointed that an alternative way of internal 
7,0\ 
me 	1CILCILM.C:0 + VC00112 
(XVI) 
may be excluded on two grounds. The for_stion of a t =.1ectone is 
unlikely on steric grounds. The norael Perkin reaction cannot 
settle this question since XVI would hydrolyse very readily to 
the experientelly found product. The modified Perkin reaction, 
however, excludes this pos:Ability definitely since the acids 
corresponding to XVI arc isolated in traces only and no benzemide 
Is formed in experiments with VI. 
acyletion 
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EXPERILATA PART  
The isolation and purificetion of VII frou experiments which 
do not efford other emides has been described previously (1). 
The effect of catalysts, tei3percture end tie;e on yields is shown. 
in Table 1. This section is restricted therefore to the des-
cription of representative experiments to illustrate the methods 
of isolating ouides other then VII end separating eixturcs of 
euides from experiments with IV. All amides rep8rted in this 
section were hydrolysed to the corresponding acids which were 
identified by molting points end ecid equivalents. The letter 
figures only arc reported in this section. 
1) PhCHO (10.6 g.), IV (18.4 g.) end freshly fused 
Ac0Ho (5.4 g.) were heated under reflux at 2200  in on oil beth 
for 8 hours. The tAxture woe poured into ice water containing 
about 1;1) sodium carbonate. 	The dark oil which reeparoted was 
extracted with ether (100 cc.). 	Reuovol of the ether left on 
oily residue which solidified on washing with two 10 cc. portions 
of ether. The solid vies recrystallized from chloroform and wets 
identified as VIII (2.23 g.). 	Evaporation of the mixed ether 
end chloroform solutions gave en oil which wee extracted by 20 cc. 
ether. 	Recrystallizetion of the resulting solid residue from 
chloroform gave more VIII. Combined yield of VIII. 5.94 g., 
36.9;3; up. 127-8 4); acid equivalent found 163± 2, calculated 162. 
The ether solution was worked up for VII by the usual method end 
gave 6.73 g., 45.8; up. 146-7°. 
2) PhCHO (10.6 g.), V (20.6 g.) and freshly fused AcOne 
(5.4 g.) were reacted as before. 	The residue fro -L, the iced 
sodium carbonate solution woo filtered and extracted with 
-11- 
ether (250 cc.). 	Since VIII is not very soluble in ether, the 
residue was extracted with cold alcohol (30 cc.) which removed 
the last traces of VIII without dissolving bisamides. The ether 
extract was treated with a saturated solution of sodium bisulphite 
for 24 hours, separated, washed with water and dried with anhydrou 
potassium carbonate. After removing the solvent the residue was 
recrystallized from hot water (7.3 g. VIII). 	The alcoholic ex- 
tract was dried and recrystallized from hot water (4.55 g. VIII). 
Combined yield of VIII 11.85 g., 73.62; mp. 127-8°; acid equiva-
lent found 162-+  1, calculated 162. 
3) 2-Nitrobenzaldehyde (1.51 g.), I (1.62 g.) and /CONS 
(0.54 g.) were reacted as before. The ether extract of the 
residue from iced sodium carbonate solution was treated with 
sodium bisulphite, washed with water, dried and freed frou solvent 
Two recrystallizations from aqueous ethanol gave 2-nitrocinnau-
amide 1.72 g., 89.6%; rap. 184-5 ° reported 185° (20); acid equiva-
lent 1911 2, calculated 193. 
4) Repetition of "umperiment 3 with 3-nitrobenzaldehyde 
gave 3-nitrocinnamemide 1.70 g., 88.6%; mp. 194-6° reported 
195-6 (21, 22); acid equivalent found 1911 2, calculated 193. 
5) Repetition of Experiment 3 with 4-nitrobenzaldehYde 
gave 4-nitrocinnamemide 1.81 g., rap. 213-215 °. A small portion 
of this somewhat impure materiel has been recrystallized from 
75 parts of aqueous ethanol and had then a rap. of 2170 , reported 
217° (21, 22). The crude yield was 94.3%. 	The somewhat lower 
yield in Table 1. refers to the yield of pure material. 
6) 2-chlorobenzaldehyde (1.41 g.), I (1.62 g.) and AcCeqw 
(0.54 g.) were reacted and worked up 88 in the preceding three 
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experiments. 	Obteined 2-chlorocinnaEataide 1.55 g., 85.2;L; 
p. 157-8° , reported 168° (21, 23); ecid equivalent found 10O 
celculeted 182.5. 
7) Folio (9.6 g.), I (16.2 3.) end AcOre (5.4 g.) were 
reocted et 1800  for 5 hours. The residue from iced sodium cer-
bonste solution nos extracted uith three 50 cc. lots of ether. 
The rec_sinder of the rusidue WEIS extracted uith nem chloroform 
in uhich it was collIpletely soluble. :cidification of the aqueous 
portion precipitsted en ecidic solid. 	On two recrystellizetions 
from miter this substance nos identified as furoic veld 0.52 g., 
4.4; up. 131=2° ; sold equivalent found 114 2, calculated 112. 
The ether extrect use worked up so in previous expericaents. On 
tuo recrystellizetions from oqueous olcohol IX was obteined. 
Yield 10.15 3., 74.2;1; up. 168-90 , reported 168-9 (21); sold 
equivalent found 1351: 2, calculated 138. 
8) PCHO (4.8 g.), IV (9.2 a.) end cOre (2.7 g.) Were re-
ccted et 180° for 5 hours and uorked up OG in previous experiusmt. 
The cqueous portion yielded furoic scid (2.03 3., 18.43). 	The 
caixture of amides in the ether extrect could not be ceperated. 
After hydrolysis uith 101 NcOli end ecidificction uith hydrochloric 
scid the organic Voids uere sepereted by systeetic frectionsl 
crystellizstion from hot victor in uhich 3-(2-fury1)-2-propenoic 
ecid is more soluble then 3-(2-fury1)-2-nothy1-2-propeno1c acid. 
In this uay vie obteined 3-(2-fury4-2-propenoic acid 2.78 3., 
40.M; up. 141-2° end 3-(2-fury1)-2-Liethy1-2-propenoic acid 
2.60 G., 32.15/4 up. 1067°. 
9) MHO (9.6 g.), V (20.6 g.) end AcOrt (5.4 g.) more 
reected et 1800 for 5 hours end uorked up in the usual menner. 
-13- 
The aqueous portion yielded furoic acid 0.58 g., 5.2. After 
the usual treetment of the ether extract two reerystallizatioms 
from aqueous alcohol gave X 10.75 g., 71.25; up. 135-6 ° . 
Hydrolysis with 105 mon and careful acidification with dilute 
hydrochloric acid gave 3-(2-fury1)-2-methy1-2-propenoic acid 
in a yield of 975. Acid equivelent found 150± 2, calculated 
152; nitrogen found 9.19,, calculated 9.27%. 
10) FCHO (1.92 g.), VI (5.21 g.) and Ac011a (1.08 g.) were 
reacted at 1800 for 5 hours and worked up in the usual manner. 
Systemetic fractional crystallization of the combined organic 
acids from the aqueous portion yielded furoic acid 0.10 ge and 
benzoic acid 1.98 g. The ether solution was worked up as in 
Experiment 6) and yielded IX 2.28 g., 83.2; mp. 168-9 0 . 
11) Furyl acrolein (12.2 g.), acetic anhydride (25 g.) 
and AcONe (12.5 g.) were refluxed for 5 hours in an oil both 
kept at 180°. The product was poured into 500 cc. 5T sodium 
carbonate. After extracting with ether and filtering frous 
small amount of resinous material the aqueous solution was acid-
ified and extracted with ether. The ether extract was recrys-
tallized twice from hot water and afforded 1.05 g., 6, II of p. 
154° . The experiment was repeated by substituting I for acetic 
anhydride. The product Was poured into 200 cc. 5% sodium hydrox-
ide solution, extracted with ether and filtered and refluxed for 
45 minutes. After acidification with a slight excess of hydro-
chloric acid, extraction with ether, and two recryotallizetioma 
of the her extract from hot water II, up. 153-40 , woe obtained 
in yields varying between 1.5 and 3.3 g., 9-20%. 
-.14- 
12) Chloral hydrate (8.3 g.), acetic anhydride (10.2 g.) and 
AcOlie (16.4 g.) were reacted at 2200 for 8 hours. The ether extra 
of the residue from iced sodium carbonate solution was dis-
carded. The ether extract of the acidified aqueous solution 
contained 4,4,4—trichloro-3—hydroxy—butanoic acid. On recrystal-
lizing from water 0.09 g., 1 VEHEI obtained; up. 118-9° , reported 
118-9° (24). Hydrolysis in the cold with alcoholic 10% KOH 
solution gave fumaric acid. 
13) Chloral hydrate (8.3 g.), I (10.1 g.) and Ac011e (16.4 g.) 
were reacted at 2200 for 8 hours. The product was poured into 
ice water in which it was completely soluble. The ether ex-
tract of the aqueous solutions ups transferred to petroleum ether 
(606.80° ). 	On chilling long white needles separated. Two re— 
crystallizations from a mixture of benzene and petroleum ether 
(4.1) yielded III 0.47 g., 5%; rap. 82-3°, reported 83° (25). 
Hydrolysis with 10% alcoholic KOH yielded fumaric acid. 
-15— 
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AMIDES VIII. BenxYlidene and Furylidene  
by 
J ob. Polya and TO, Spotswood 
Chemistry Department, tiniversity of Tasmania, HObart. 
Summary: The preparation of bisamides of he type FfCH(NRCail) 
(WC01") with n phenyl or 24ta-y1, RI and ri"a Me, 
Et, Ph, PhCiICE or PhCEICe, by the modified erkin 
retctIon or direct er,ndensetion of aldehydes and amides 
is described, Meerotical aects of these preparations 
are A.scussed. 
Symmetrical aliphLtic and erometic bisami47138 of Lhe type 
FC( 1 ICOT= 1 )2, may be prepared by hcatint aldehydes with amides 
in the correct moleculrx proportions. This method has been 
investiated extensively by Pandya and his co.Jorkers (1.16) 
who have also reviewed other methods of less etneral applicability. 
A more recent method of prept4ietion for bisarA.dos ee4Jloys the 
reaction between benzal6chyde.and diacylimines in thf, .aiesence 
of potassium acet.te at 160 ° 4hich affords unsyAmeLrical bissmides, 
PhCh(NhCOLI)(WhGW) in Good yields in addition to traces of 
symiletrical bistides (17,1C), 	6uch unsymmetrical bistimides 
have not been obtained by other workers although their dir ct 
preparation fro u aldehydes trid suitable &Ades presents no 
d ff icult 1 es , 
The preparation of bisamides 1-4, the modified Verkin method , 
Is of limited applicotion since aliphatic aldehydes and furfural 
do not ad,ear to re'.ct satisfactorily under the investiEated 
conditions, 	If the :odified ,erkin reaction is carried out 
at tempertures be1o4 L3. , .1400  no bisnides are formed although 
Z 
temperatures of this order are sufficient to prepare bisamides by 
the direct condenaati6n of aldehydes and aeides. Lack of bisanide 
formation at lower temperatures is not due merely to the absence 
of amides since the modified Perkin reaction affords these in 
appreciable alaounts even at 130-1100 , Vurthermore a direct 
reaction between amides end ber:.zaldehyde 4au1d be exdectrd to favali 
the formation of symmetrIctl bisamides, 
PliCT 0 + AO rlat (I ) 	C: CO: . 1? (II ) + AC 	 1 ) 
150°  AcIL 	AsOil + MeCV 
Acr0 + MeCONh2 
tireCONI3? 
• lection 1) occurs t 130.1400 While the formation of •ckide 
from diacetimide in reactions 	2b and 	does not tGke place 
below 150° (19), and there is a h4h concentration of 11 in the 
reaction - lsture at a time when acetamide ogins to be formed 
throuth the pyrolysis of 1, 	It is elso kno,in that while II 
dispir,ces acetamide from bensylidene bisacetamide p FilaCB(NHCOMe), a 
III, witti he ftrmation of benzylierie acetamide cinnamamide, 
PhCfl(IVCOVe) (NOCOCHICBM) IV, displacement of cinnamamide from 
benzylideno biseinnamanide p PliC:(NHCOCiliCiWh) as V, by acetaeq.de is 
very oiffleult or Impossible (17), 	It apperrs then that the 
formation of bisamides in the modified Pertcin reaction is governed 
by the relative rates of condensation of the .CM,-00.. and 
groups respeotively. In the absence of basic octalysts or bvsee 
of intermediete strem,th (e.0, 6odium acetate) the former condensation 
predominates while in the presence of stronxer bases (e,L, potassium 
acetate) the too condensations may be of the SSMO order of importance. 
A simple theory cannot be based on these considerations alone since 
bases may 0Lta1yze or inhibit the formation of bisamides from 
aldehydes and amides. Pandyals wer ,.4 on synmetrical bisamidos 
has established that pyridine inhibits the condensation of 
cinnarAmide and heptaldehyde (14); the uncatalyzed condensations 
with piperonal and 0 .ntropiperonnl afford yields of 	(7,0). 
The condensetion of benzamide with m,tolylaldehyde is catalyzed 
by pyridine (11), condensations with plperonal, dihydrocinnam. 
aldehyde and F.chlorosalicylaldehyde are inhibited by pyridine 
(7* 13,,16), an' 1 in a larv,e number of other condensations the 
catalytic or inabitory effect of bases was either not tried 
or 4Wil embiguous, lhe oomparative difficulty of forminc bis. 
bensamides ties noted by eandya and his colleboretors am. the :mem 
experience •ns derived from he present work. Condensations of 
ncetamide mere inhibited by basic atalysts in reactions with 
o.methoxybensaldehyde (G) * henaaldishyde (1 0 ) * ditWrocinnamaldehye 
(13), n.heptaldehyde (14), , ..bromopiperonnl (ir.), and 3,5.dichloro. 
salicylaldohyde (18) * and pr emoted in reactions Nith cinnamaldthyde 
(..)* m.tolylaletehyde (11) and o.chlorobensaldehyde (l), 	it should 
be mentioned, hoever, that the effects acre not always very ,rat 
and modifications of the experimental conditions .:•o not permit a 
fully vaild comparison of these data, 	ore eiEnificant from a 
theoretical point of view are the observations of Pendya end co. 
morkrs that selicyleldehyde (1), p-hsTiroxybonzldehy6e (5) an 
m.hydroxybenaldehyde (4) react 4ith &Aides to give acylaldimines, 
ArCiittICOL, only, 	Protoction of the OH i,roups by methyl:.tion Lives 
the normal bisamides (6). Introduction of chlorine into the . 
nucleus 01 hydroxybenzaldehVe favours bistunide formation, ihus 
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turbidity resulted, The solution wt45 cleared by heatinE cently 
and allowed to stand in the refriserator overnight, The resulting 
crystalline material WAS filtered and recrystallized twice from 
ethanol, Ihe column headed "Aids" in 1Lble 	shows the 
experimcntal and theoretical recovery of the acid named in the 
same column, 
3) Farvligene bpaampes (T able  
Furfural (0,02 mol) va,s reacted with an amide (0,04 mol) 
or two different amides (0,02 mol each) at 100.120 0 for 6 hours. 
The crude products were isolnted as described before. Ihe 
recrystallization of symmetrical bisamides from ethanol was found 
to be unsatiafactory and toluene (100.1f0 cc,) was used, 
Unsymmetrical bisamides ,vere ieolated by Lhe method Liven un er 2) •  
Asxed anides VI, VIII and VII with 	cave resinous .2roducts enly, 
4) ,:nsvmmetrical bias ides from the e'kin reiction liable 4,) 
hF etkvr insoluble fr&ction of thn products of he previously 
described modified ;'erkin reaction (18) were worked up for unsymmet. 
rical bisamides 'y the method Liven under 2), itt diacylimines 
used were diseetimide (I), dipropionimifie (X) and acetylbenewlide 
(XI), 	f,eetyl propiohamide did not afford , r4 of the expected 
bisamides e 
The authors wish to acknowledze a Tasmantim Fo - estry Commission 
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VI, II 'le PhCh:CII 39,0 ?14.5 9,50 9,1- fl 5115 2f•48,2 80,4 Phcd:C1-I000H 
VI, VII Me Et 30 • .' 227-6 1,05 12,73 242 220 
VI, VIII It:a Ph 4 2 ,7 106 10,41 10,45 280 168 43,2 45,5 ?hewn 
III, 	IX Me PhCH:C - 38,0 182.3 9,05 9,,OP 325 3C. 1443 52,6 Ph011:CMesC0011 
V1I,VIII Et Ph 38,5 1b9,90 9,87 9,93 307 282 52,3 57,5 Ph00011 
VII, II Et PhC:(114. 33,1 231 9,05 9,09 321 308 45,2 48,1 PhCH:CHCOOH 
VII, IX Et Ph011sOMe 30,4 167-i: 8,65 8,70 350 322 16,3 	50,3 PhCi1:C141C0011 
VIII,II Ph PhCE:CH 29,7 2-. 7,80 7,80 372 356 
VIII,IX Ph PhCh:C 	,.- 26,1 •91-' 7,51 7,57 391 370 
II, IXJ401 Mite-Mk'. 4 f-,F,,0 	. 206 	4 7,01 7,07 .. 423 396 . 
( co • ) { co 
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kAdes anci P Gil fli-cCUL , 	COL" Iron the modified Perin riv_,etlon 
Diacylimine Catalyst iep, °C •  'iliae, hours 
Amide 
structure 	yield % 	1. 1 
. 
. yield ;C 
I 4\c0•; , '.TO 8 II al."). 
.9, 
PhCise 4.4 
1 AcOK 180 5 II 37.5 PlICH:' 36.2 
X AcOT:i 220 6 IX 73,6 PhCHICM0 3,9 
X AcOi 180 IX 40,1 PhelitCMe 37,1 
:1 AcONa 220 3 II 88,1 PlICHOH trace 
.1. .CA 180 5 II 39,1 PlICH;GH 32.1 
The Use of fIcetemide in the Leioste din aeoction. 
Polyo, D.Sc. Techn. end P. Dunn, D.Sc. (Hons.). 
(Prom the CheListry DeportLent, University of Tea.cnic, nobert; 
The originol meiostaguin resction (1:11) uos based on the 
reduction of the surface tension of cancer seru;:i after incubation 
uith tumor extracts (1-4). The numerous variations and modifi-
cotions of this method have been revicbed by Stern end ,Allheim 
(21). 	The II/ shores the lack of specificity uith other lability 
tests but, apart frou pregnancy, only very feu non-cancerous 
complaints are knoun to interfere, and these are readily diag-
nosed by clinical methods and auxiliary techniques of the ER 
9 	 9 
(14, 23). Keller and Kunzel (11) used Lecollte du liouy's dynamic 
principle (13) to observe surface tension variations in serum - 
sodium ()lest° systems. Significant differences betueon cancer and 
normsl sere uere noted. The surface tension buffering pouer of 
sere against strong surface active reagents has been investigated 
in connection uith the ER but buffering in the preseace of re-
agents expected to poise the surface tension of cancer sere hove 
not been investigated so far. The present work describes expert- 
9 
ments of the latter kind. Keller and Kunzel explained their 
results by e combinotion of coop and serum proteins. Liore 
recent uork (5) supports such ViCUG and indicates that sitAler 
combinotions mey take place betueen amides and seruLl proteins. 
For reasons of simplicity the effects of ocetoolde, urea and 
diocetemide (15) uere tested in our experiments. The first 
tuo are denaturing agents, the former being ueoker than the 
letter (20). The denaturing effect of discetomide is the same 
-2- 
as that of acetecide judging froLa the titration of various pro-
teins in isotonic aqueous saline with absolute alcohol to 
nephelometric standards using ;teller's Eethod (10). 
EIBTHODS.,.  
Cancer and noridel sera wore taken at randop at the Royal 
Hobert flospitol, Launceston General Hospital and ',3rdney Hospital 
in 5 - 10 wls. lots under sterile conditions. Oxcleted and 
citrated sore were found unsuitable. The seEples were defibrinoted 
at the sapling stations. Different cethods of defibrination did 
not effect the results. Slightly heDolysed seLples did not effect 
the results contrary to observations with an early for ,.A of the 
LIR (19). 
The e.aects of delays in testing are shown in Table 3. 
Centrifuging imuediotely after sciipling gave better quantitative 
results. Sodiuu cyanide helps to counteract the effects of 
delay in testing but it was not used in the reported experiuenta. 
Sodium fluoride has no effect and copper sulphate an adverse effect 
The sera were diluted with 5; aqueous J,olutions of the auides. 
1:ith lower concentrations the results bemle inaccurate and higher 
concentrations were avoided to Lainiuize denaturing effects. The 
emicle solutions were added to the sere up to 512 dilutions. The 
solutions were houngenized by geitly tilting the stopYered test 
tubes ten tiLes, pouring into sta ,ldard watch glosses of 4 Us. 
capacity with a surface: volume ratio of 4.0 and allowing the 
soluti'ms to come to equilibriva. The letter required a few 
E2inutes and 3 - 4 preliminary measureLents. The surface tensiols 0 of the original and diluted sera were ileasured at 18 °C in 
-a- 
therDootaticolly controlled mori with a Csulridge Du TIouy 
Tensioneter. The overage of 3-6 vessuremento was tcken es the 
correct value vs soon es the uessureDents becsEe constent uithin 
0.1 dync/cn. dlightly fermented sere hove low surface tensions 
in the undiluted state ( re. 49-52 dyne/cu) end were discarded. 
RESULTS ATM DISCUSCJIU  
17rith urea 	= 73.0 dyne/cu in 	solution) no significant 
effect could be observed. Since weel:er denoturing &gents like 
acetaoido end diecetemide gave more pronounced effects, these 
must be due Leinly to et:moos other than denaturation. 	ITo con- 
sistent results could be obtained with diacetsuide 	= 67.6 
dyne/cm in 5f/J solution) apart fro a sharp initial drop of the 
surface tension at low dilutions (7). 
acetamide purified by distillation clone curves of 
different shapes could be obtained for cancer and noral sere but 
the findings could not be duplicated with accuracy. The effect 
is ascribed to the odorous iupurity of acetaLide which is absent 
when ecetsuide is repeatedly recrystallized frou benzene and 
ethyl acetate, end woshcd with ether. Aceteuide solutions keep 
unchanged for 4 hours but inaccurate r cults are obtained with 
solutions 24-30 hours old. 
Using fresh 5:; solutions of ccetanide (y= 70.1 dync/cm) 
the surface tension versus dilution curves rise to c DraiEttlia at 
16-50 dilutions. At further dilutions transient cloudiness 
appears and the surface tension values fell to s tAilliE.111U at 
100 - 200 dilutions. This minium° value ( #filin) is lower than 
the surface tension of the undiluted °emu ( 0 ) with cancer, 
-4- 
pregnancy and soy.ie other sera). 	Since the rise to higher surface 
tension values past the einipuE coy be slou or fast, it was 
attempted to characterise the ge7eral behaviour of the curves 
by a conventional measure teri2ed "critical area" (CA). 	A 
positive CA is defined as the 01406 enclosed by the curve and a 
straight line drawn through 6. parallel uith the diluti)n. axis. 
If this line is o tangent of the curve ot its niniLlun the CA 
is reported as O. 	Otherwise the CA is reported as negative (—). 
In sera exhibiting powerful buffering effects. around the value 
of 6 	it Lacy happen that 512 dilutions are not sufficient to 
circuoocribe the positive CA. 	In a feu cases of this kind the 
area uvs coupleted by a line droun perpendicularly through the 
point corresponding to 512 dilutions on the abscissa. A positive 
CA Lay be evaluated by counting squares or by planinetry. Figures 
reported in Table 1, 2, 3 and 4 have been rounded off to the 
nearest ten with an average error of about 10 units. PxoPples 
of typical cancer (C 41S) and non-cancer (IT 11) curves are ohoun 
In Figure 1.. 
The use of CA values has the statisticol disadvantage of 
unsynletrical reprcsentotions but CA valuco ore correlated with 
the oyELsetrical expression 0= 	- 	Result° on cancer 
sere are ohoun in Table 1, and other Gera in Table 2. An onalysio 
of CA values by a ctoQical sites indicates that groat variations 
are not to be expected (Table 4.). 
Cases C42, C43 and c44 show the effects of blood trans-
fusion. The CA values in the letter two cases arc not comparable 
uith the rest of the date. 	In the normal series no clinical 
data were availablL , on Casz:s 174 and I715. Radiologicall7 treated 
-5- 
cases appear to be correlated with flat, elongated curves. It is 
reasonable to assume that the low CA of C37L is a consequence of 
successful radiological treatment but the Mae could not be said 
about C12, a case of carcinoma of the stomach treated with penicillil 
Excluding cases C43 and C44 in the cancer series and those 
of pregnancy, one obtains overage CA values (rounded off to the 
nearest teit) of 220 for 41 cancer cases and 40 for 11 non-cancer 
cases with positive or zero CA values. 	Better percentages could 
be quoted by omitting post-operative or rediologically treated 
cases with low CA values. The average values of G (rounded off to 
the first decimal) are 2.5 for 4 pregnancy, 1.4 for 42 cancer and 
-0.8 for 27 non-cancer cases. Only one non-cancer end non-pregnancy 
case (4%) exceeds the average G value for cancer, and all cancer 
cases have 0 values above the non-cancer and non-pregnancy average. 
A histogram of the 0 values is shown in Pigure 2. illustrates the 
difference between the results obtained in the cancer and non-cancer 
series (the letter excluding cases of pregnancy. The difference 
between the corrected standard deviations for 0 in the cancer and 
non-cancer series is 0.38 + 0.19. 	I better indication of the 
significance of the FR is obtained from the t-test. For the cal-
culated 8.0 for t end 66 freedoms al probability percentage point 
of well below 0.1,7 is obtained. A variance test gives F(25, 41) = 
2.0 corresponding to El probability percentage point of about 3. 
The significance of the CA values in the cancer and non-cancer 
2 series can be estimated by the X - test. Dividing the samples 
into cancer and non-cancer classes and clasees with positive and 
negative (including zero) CA values, is obtained as 39.5 which, 
for 1 degree of freedom, corresponds to a probability percentage 
-6- 
point of well below 0.1%. Practically the some result is obtained 
if the1ic 2 -test is aprlied to the G values with classes comprising 
positive and negative (the letter including zero) G values. 
The effect of dilution with buffer solutions has been studied 
In the case of cancer, diabetes end normal sere. Figures 3. and 4. 
show the results of a typical set of experiments on sample C12 which 
may be regarded as intermediate between typical cancer and non-
cancer sere. 	With borate and suceinate buffers (6) the surface 
tension versus dilution curves are dirferent from those obtained 
with acetsuide solutions and approximate the curves obtsined on 
diluting sera with water (Figure 3.). The variation of the surface 
tension with pH exhibits moximo between 7.3 and 7.8 (12.). 
The surface tension versus dilution curves ,, resent a close 
analogy with the curves obtained for the system diluted serum - 
sodium cholate (22) which show a sharp surface tension minimum at 
20 - 200 dilutions, approximately as in our experiments. This 
effect has been explained by the combination of serum proteins with 
sodium cholate which tends to displace lipids from the lipoproteins. 
The effect increases with sere from which the lipids have been re-
moved. This, however, is difficult to apply to the LIR since 
values of cancer sere are not higher than those of normal sera in 
spite of the raised lipid content of the former, and the surface 
tension maximum observed by Tayeau and Blsnquet with lipid-free 
sera and in our experiments is not explained. On the other hand 
Fakes and Pineen in their work on the hemoglobin - sodium hexodecyl 
sulfate system noted the forilotion of soluble and insoluble complexe 
at significantly different, limited rati.os of detergent to protein 
(8). Elkes and Pineon suggest different mechanisms of combination 
-7- 
on the acid and alkaline sides of the isolelectric point. 	In 
the case of the amphoteric aceteuide and approximotely symmetrical 
behavioweis expected. The behovioue of the chemically siupler 
system acetamide-diecetanide (7) confirms the suggestion that the 
characteristic lowering of the surface tension in our 22 is due 
to a combinotion of acetamide with serum proteins resulting in the 
attraction of protein molecules into the surface. According to 
modern views on the nature of ccetemide (17,18) the combination 
is assumed to take place through hydrogen bonding. The finer 
mechanism of the process, in particular whether film penetration 
occurs (7), cannot be decided from the existing evidence. The 
maximui,i of the curves moy reprer.lent the orwooite process which is 
reversed when a certain stage of dencturetion has been achieved. 
At dilutions beyond this point a cloudiness occurs. This is not 
due to the precipitation of globulins owing to dilution since 
globulin fractions of cancer sera dissolved in selt/ to the protein 
concentration of the original sel-um give a ER with scetanide which 
Is almost identical with the 11R of the original scrum. Finally it 
should be noted that the UR with acetomide is closely related to 
modern techniques of tensiometric titrctions (16, 24). 
Summary 
1) The surface tensions of cancer and non-cancer sere were 
determined in progressive dilutions with & ocetcuide. 
2) The difference between the initial and minimum surface 
tension values woe found to be positive in pregnoncy and 
most of the cancer scmples whereas it was negative in 
most of the othEr samples. 
-8— 
3) A conventioncl unit, the critical ores, was defined and 
found positive in pregnent end umut of the cancerous 
soLipleo whereos it woo negative or slightly positive only 
in other °copies. 
4) The modified UR is discussed from the point of view of the 
combinotion theory. 
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TABLE 1.  
Number Sex Age Diagnosis Treatment o min G CA 
01 F 60 C., cervix of uterus ••• 58.0 56.0 2.0 320 
C 	2 M 54 C., stomach ••• 58.0 54.2 3.8 950 
C 	3 F 44 C., cervix of uterus ••• 57.0 55.0 2.0 370 
C4 F 62 C., uterus ••• 55.0 53.8 1.2 80 
CS F 35 C., ovaries morphia 57.2 53.4 3.8 910 
C6 F 75 C., cervix of uterus ••• 57.3 53.8 3.5 210 
C? M 61 C., louer bowel 0(5d.) 59.0 57.9 1.1 90 
C8 F 58 Cop louer bowel 0(2w.) 58.5 57.8 0.7 50 
C 9 M 66 C., head of pancreas 0 58.2 55.9 2.3 520 
C 10 F 62 C., breast, metastases 0(1w.) 57.0 55.3 1.7 370 
C 11 M 57 C., stomach, metastases morphia 57.0 55.6 1.4 320 
012 M 62 C., stomach 0 penicillin 57.5 57.1 0.4 30 
C 138 F 68 C., breast 0 56.0 55.2 0.8 60 
C 14S F 40 C., cervix of uterus ••• 58.9 57.3 1.6 210 
0158 M 63 Squam. care. ani 55.3 54.3 1.0 290 
C168 M 51 Care. piriform Fossa 56.9 54.6 2.3 380 
0178 M 59 Squam. care., hypopharynx 56.2 55.7 0.5 30 
C 18L F 49 Caro., cheek X, 0(7 m.) 57.4 54.8 2.6 650 
C 19L M 45 Astrocytome pariet X, P 57.8 56.7 1.1 70 
C 20L M 49 Caro., larynx X 58.9 57.9 1.0 270 
C 21L F 63 Care., breast X, P 58.0 55.3 2.7 490 
C 22L F 74 Care., tongue X 58.0 57.1 0.9 100 
C 23L F 47 Astrocytoma pariet X, P 57.7 56.8 0.9 130 C24 F 59 Endocervic care., II. 59.5 57.8 1.7 190 
0258 H 36 Care., bladder 0(11 m.) 57.0 56.7 0.3 10 
C 26S M 62 Squem. care., lip 58.4 57.4 1.0 80 
C 27L M 72 Caro., jaw, 7 years X 57.8 56.7 1.1 210 
C 28L F 38 Pituitary tumor X 57.4 56.6 0.8 110 
C 29L F 76 Squam. care., temple X 56.5 54.8 1.7 280 
C 30L F 55 Adenocarc., uterus 56.7 56.0 0.7 80 C318 F 68 Care., cervix, II. 57.8 57.2 0.6 50 
0328 F 39 Care., cervix, II. 58.8 57.7 1.1 150 
0338 F 54 Scirrh. care., breast 0 (4 m.) 56.0 56.0 0.0 0 
C 34L F 71 Caro., breast, 22 years 57.0 55.8 1.2 100 
C 35L F 38 Epithelioma, nose 58.0 56.7 1.3 230 
C 36L F 66 Care., breast 57.1 55.9 1.2 260 
C 37L M 52 Caro., neck and chin X 56.4 57.0 -0.6 
C 38S F 35 Caro., cervix, II. rediother, 57.0 56.0 1.0 190 
C398 M 60 Obstruction of oeso-
phagus, anaplast.carc. 
56.3 55.8 0.5 40 
C408 M 52 Malignant angiome radiother. 56.8 56.0 0.8 70 
0418 M 60 Care., lip 57.2 55.3 1.9 230 
042 F 62 C., breast 0 B(4d.) 56.8 55.0 1.8 230 
C43 M 60 C., pancreas 0(1w.),B(1d.) 54.9 55.5 -0.6 - 
044 LI 48 C., oesophagus B(2 d.) 53.0 56.2 -3.2 - 
L: samples from Launceston. S: samples from Sydney. unmarked samples from 
Hobart. 
0: operated. B: transfusion of 2 pints of blood. d: days. u: weeks. 
m: months of operation or transfusion before test. X: X-ray treatment. PB: phenobarbitone. 





i;:; Humber sex Age Diognosis 0 rnin G C.A 
v·------------------------------------------
,:: 
N 1L t1 
N 2 I1 
N 3 F 
N 4 Ji' ,. 
N 5 rJ 
I~ 6 u 
N 7 u 
N B I1 
N 9 lJ 
N 10 IJ 
N 11 I1 
N 12 Ll 
N 13 p 
N 14 r.1 
N 15 F 
N 16 F 
N 17 t1 
N 18 D 
. N 19 F 
D 20 p. 
D 21 t1 
D 22 F 
D 23L F 
D 24L tJ 
D 25L F 
:D 26L F 
D 27L F 
p 28 p 
p 29 F 
p 30 F 
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24 CTBcks, tcrins 
D: diabetes. P: prcgmmcy. 














































































L: . sew1.ples froo Lounceston. 
1L X-Rsy. 20, 22 insulin. 
13 pentothol. 18 sodium salicylste. 20 phcnob~rbitone. 
TABLE 3.  
Origin 	Delay 	Avererre Vs 	.A.verege G.  
Hobert 320 2.0 
Leuncc.eton 	24 hlurs 	210 	1.1 
Cydney 	48 hours 130 0.9 
TABLE 4.  
Averege CA 	Avercge G. 	Oases 
8ton:soh, oesophagus 330 1.5 4 
Uterus, ovaries 250 1.7 11 
Breast 220 1.3 7 
Ueck, throat, uouth 220 1.0 9 
Heed 180 1.3 4 
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Ctolo- ical Effects of 1 26.I2riazoles I. The Action of 1-Phan 1. 
15-dith 1 1 2 il-triav,ole on Roots of Allium co 'a. 
by W."). Jackson (Botany Dept., University of Tasmania) 
and 
J,B, Polya (Chemistry Dopartnent, University of Tasmania) 
(1) Introduction 
The nost important application of studies on the borderline 
of biolotz and chemistry is the chemical control of growth, in 
particular the chemical suppression of weeds, pathogenic micro. 
organisms and nalignant cells, Studies in these fields are 
interrelated but the present work was stimulated by our particular 
interest in the latter two fields, Some compounds and classes 
of compounds have been found to be effective in the control of 
particular kinds of growth, Although such effects are denied or 
unknown for the great majority of chemical substances, the die.. 
tinetion between activity and inactivity in respect of L,rowth 
inhibition appears to be mainly quantitative if =sults alone are 
taken in consideration, If the node of action is chosen as the 
basis of classifyirK; growth controlling substances, the differences 
between various agents arc more readily defined, although even in 
this case the definition of growth controlling substances must 
remain substantially a pragmatic one. On surveying the available 
evidence, which is accumulating at a fast rate, one finds that 
the growth controlling substances act through one or more of the 
following mechanisms: 
(1) Con2)et1tion with cluy_l_es, coenzy?es and essential 
structural units which :lay reduce synthetic activ:Ities 
in cells, load to tAc oration of unsuitable structural 
units or all accurmlation of toxic products, 
(ii) Destruction of enzynes, coenzymes and structural units 
required Por (yrol]th, 
(/ii) Alteration of physical conditions (per ;eability, 0H, 
surface tension, viscosity, cloctro-naLnetic properLios, 
state of acrcoation etc,) followed by the dislocation 
of biochemical balances either throu'h an undesirable 
shift in reaction rates and onorc:) relations or by 
per_dittin;, anabolic and katabolic processes to occur 
at undesirable sites, 
These three necbanisEls are not independent. Vart'Dorfloro :Jurcly 
physical orfects (heat, irradlation wit:1 ultra-violet 1ILht or 
X-rays, ultrasonic waves, cold etc.) ia introduce thoir action 
throuc.,h the third Aochaninn followed eventually by chemical 
effects of the first two kinds, 
The exact nechanikm of tl?.,e action of ritotic poisons is 
unknoun but the followin: coneral principles are probably 
valid, 
• (1) The key coDpounFs In illtosis aro nucleic acids. 
Their reactions eurin Ditosis Include .(16, 1_, 
7,2 1 
a) Attachriont to and dotachzent from proteins; 
b) polcrization and dopoly2erization; 
c) oquilIrii21 Teen desozyribonucloic acid 
and ribonlzelcic acid, 
The rebuildinL of no:,.,71a1 nucleic acids to ones jith 
reduced parine und Increased phosphorus content is a 
feature of malignant cells. 	his may occur also 
In normal cells to limited extent but no detailed 
information is available on this subject. On the 
other hand it is unknown whether the rebuildinc of 
nucleic acids in malignant cells is connected with 
mitosis or whether it is a secondary process occurrins 
in the cytoplasm. In any case, substances capable 
of interfering Jith reactions a) -lc) arc expected to 
exhibit antinitotic properties, 
(ii) In normal mitosis the proteins carryin;, the nucleic 
acids must conform to exact specifications concerning 
the structural and stereochomical identity of their 
component amino-acids, the linear and steric arrangement 
of these amino-acids, the grade of polymerization and 
the nature, number and site of prosthetic croups includtas 
the nucleic acids (12). Interference with any of these 
requisites is expected to disturb the normal mitotic process. 
(iii)The storage and transfer of energy liberated or drawn won. 
in the mitotic process depends on the formation and cleav. 
aGe of high-energy phosphate bond (40). It should be 
possible to influence the course of mitosis by agents 
capable of stimulating, inhibiting or roshunting the phos. 
phate metabolism within the nucleus but the general sisnific-
ance of energy transfers through phosphate bonds would 
render such experiments unspecific and would create 
serious systemic effects. 
The introduction of 1,2-triazoles as cytolofical a ants, 
The problem of z:routil control was considered at first 
from the aspect of small chenical and/or physical alterations 
of nuclear proteins by siuple organic substances, SIio 
amides like acotarlide and urea arc nil denaturinc aentSW), 
They cat; penetrate cells uithout difficulty and have lo' 
toxicities. They arc not usoful antinitoties, but the fact 
that acota.Lide (but not urea) sholfs t-,roator reactivity uith 
cancor scrum proteins than AtanorLial sorma proteins (33) 
suLcosted that derivatives of acota-ido nif_ht be found with 
a creator differential effect. DiacotiLaido has airJr=imately 
the salAe donaturinf; pouer as acotaraido. 	Its effect on norn.al 
and cancer sorm proteins is L;rcater than that of acota-:idc but 
the oxperiments are difficult to duplicate owinc; to the instab-
ility of diacotIvilide in aqueous solution. Diecotimido has a 
slight narcotic effect on rats (Prof. P.iI. Shaw, Deptnent of 
Physiolo3y, University of L:elbourne). 	In the ox)nric?.eats of 
one of us (J.B.P.) it inhibited alcoholic fermentation tel;porarily 
only. DiacotLaido, acetyl prooionailido, dipro ,iionLade, non°. 
chloro-diocetil2ide, symm. dichlorodiacetimide, chloroacotyl 
propionamide, acotyl bonzamido, propionyl bonzamido and chloro. 
acetyl bonza-lido (59) do not inhibit Cl. wolchii and Dact. coil 
in concentrations below H/5000 (erof. S.S, Rabb°, Dopart -zent of 
Bacteriolouy, University of Folbottrne). The foric h7droLonylase 
of Aerobacillus pp]ixa is inaibited by chloroacetyl pro9ionPmide 
syrm. dichlorodiacotimide (08(/)) and chloroacotyl bonzallide 
(75%) (Biochemistry Section, Division Of Industrial Chemistry, 
C.S.I.R.0.). The cytoloc;icn1 of 'cots of the fluorescent 
halq:;onaed diac11:11nes are not e'laraexerstic (Prof. 
Barber, iR)tayrj Departent University of lasEania). rn, k Le 
observed toxic effects, houever sli;111, could be ciao to 
chloroacetic acid since those copcunds are not very sZ;ablo 
to hydrolysis even in the cold. Houever the low oolubilities 
In water D,V2Z0 this explanation rathcr i probable. It is noro 
likely that the haloLenated compounds react directly with 
proteins in view of their similarity with nitrocn Dustu,rds, 
A3ain it was considred that acetc -Ade and diacetknide react 
with proteins in the abzence of haloon functions which 
suLzosted exporinents on further derivatives of c-zides and 
diacylimines. 
As a first step in this pro:TaglTie a number of 1,2,4. 
triazoles have been prepared partly because same of •-c,hom arc 
synthetically derived frou 6iacylinines, partly because all 
1,2,4-triazoles Iiiay be considered to consist of two amidine 
structures fused within a systaql of appreciable resonance 
	
mercy and soPe high rosonatinL 	 paladrin) 
have aroused much therapeutical interest in recent years. 
4-Amino-1,2,4-triazole (I) has been prepared by a published 
mthod (2), The 1-pheny1-3 0 5-dioethyl (II), 1,5-diphonyl 
(III) and 1,5-dipheny1-3.gethy1 (IV) derivatives of 1,2,4. 
triazole have been prepared in Good yields by a convenient 
nodification of the Branner reaction (11) details of ihich 
will be published elsewhere. 
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Varloz:s aclatod n-cc,2azines have boon obtained Ls by)rodJeLs. 
fono of too showed sin12:70c -ii. cytolo_ical effects, 	Zhis 
at the 	ects observczL uith 1,2, 7L-trf.azo1es are 
not dri-irily eue to their derivation Iron 72ydrazlnes, I 
and II are readily sollLble in water while III or I - are little 
soluble at pil values hhor than 6, 	or this reason and others 
to '(7'.o oxplaiqc0 lato: to effect of II only was investizatod 
in detail, ',he preparation of a series of triazoles is in 
pro_ross and ,7e proi;ose to rodort on their cytolo,ical and othor 
biolo:,ical effects fraA time to tine. 
ProJerties  of II in relation to biolo-ical effects. 
a) II Is soluble in 7 darts of water at room be_ipere,turo 
%Jhilo III cie IV requixe -lore than 1000 parts of water for 
solution at pli values above 0, an Ostorcrenls theory (32, SO) 
one would exocot stror-or c1totic effects ,:xa III and IV 
than with II, Althow -ta the obcorvcd cytoloical ofrocts ) ay 
not be roLardod as pare c-mitotic effects and the quantitative 
share of the c-kitoUc effect can ro"; ho ostated at grosent, 
it aol)earc that Lho difforencco b:2twoon the c--11totic activities 
of the triazolos are not as .,roat as *,,boso betwoon their solu-
bilities in water. 
b) :olten II at 40-E0° dissolvcs doso)yrroonucleic acid 
frail t - 1 =2S and crude nucleic acids erol9aoe fro l yeast. 
Contrary to clv)ecton, the aosenco of =oleic acids In 
f]olten II enhances opo -lf.aheous crj:tallization on p7ow coolinL 
to roor te_20rature. In the absence of nucleic acids oven 
the p,irest pro linratfon of II require chillin , oz- seedinL to 
praJoto crystallization Lt a coidraT-,le rate. Sli,htly 
discoloured solutions of dosoxyribonucleic acid in cold buffer 
solutions of pH 7 to 8 become lichter on the addition of 
This. effect is less pronounced, and possibly not sicnificant, 
in the case of crude yeast nucleic acids, 
.Nucleic acids dissolve in aqueous 5% solutions of II, 
The Feultien reaction of such solutions is weaker than that of 
solutions ef identical concentrations of nucleic acid in 
sodium acetate, lihe cwtolo3ical observation of "nucleic acid 
starvations" in cells treated with II is in acroement with 
this findinc. 	Jork is in procress (with A.E. Parkes) on the 
quantitative cheidcal and physical details of t;le ireseraction 
of II with nucleic acids. 
c) Oork in proLress(with A.E. Parkes) indicates tliat II 
interacts with serum proteins, Uith II : Protein ratios of 
the order of about 100, the interaction (followed by surface 
tension measurements) is the sa ,qo oith both normal and cane or 
seraim proteins, but significant qualitative and quantitative 
differences occur at hither ratios. Treatment rfith II hardens 
the cells in a similar wanner as treatments uith formaldehyde 
or heavy metal saltsdl althouch the decree of hardeninc is loss 
in the case of II. Other cytoloical chanLes, collectively 
termed as "stickiness" are similar in the cases of treatmen 
with II and heavy metal salts (17). Spindle suppression .oakes 
it plausible to assume that tho denaturing action of II is 
particularly stronc on the contromere. 
d) Even the purest preparations of II underGo soToo auto. 
polymerization with discoloration on stLLFRUnr. Fresh prepara-
tions are brown dhen fused. On coolin - , tic colour becomes 
lichter c2tho liquid solidifies to uhlte crystals. 
tho catalytic offoct of lit aa thc poly -orizat.:on of TI 
point to 	ready forraation of free x-cdf.cals. Vacs() effects 
nro loss :nrIled in the caso o2 diphonyltriazoles and thus it 
is possible that thoro is OODO connoction betuoo-a 
and antl, :itotic action. .J.be anormlies of tho pTckysica propor. 
ties of smle si iolo heterocyclic ca.7poundo, incli_id371L, 
triazoles (27), Ozre sir-Llar to those of tho amides which soc_osi,c 
taat thoso co;:pounds exist in , iolocular orjaaizatioas wialch are 
inCorior yet ckin to thoso of proteins. 	110 tiio interact.lons 
of siuple zoliculos are vicll understood, intoractial Lotwooa 
noupor.=olecrlos'(i.e. olocular systc.723) has not boon studied 
t;w1vvvt!4) extensivoly apart fro- 10ical invostiations. It is Colt 
that research iato the Interaction botuoon 14 .2.1t1 or,,v,-12ed 
super.molocules, like proteins, and super.molcenles of c, louer 
order of ore;anization, like aides, l 0 2, 21.triazolos, iiczolo 
etc., woald coraiderubly sLaplif;y the difficulty in ostablisilia;- 
a L;enoral theory of super.L2olocular reactions. The fact that 
corlparativoly brief invostiatio-'s into the effects of 
aidos and triazolos, havo yioldod iatorestinG rosults pay 
be of hourisic oinificanco. 
o) II Flay bo coz/parcd briefly i7itIa GOY:0 rocoutly doscribed 
antiuitotic poisons 111.ce polyc .)=7 coounds and 6117wlonoivaine 
derivatives the effects of ullica FaT bo due 1,,o fro o radical 
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which sumest some similarity with ethyloneimino derivatives 
and, possibly, nitro - on mustards (15). aho superiority of 
II ovor other 1,2,<1--triazoles in which the 3- and 5-methyl 
groups are partly or wholly replaced by hydrocon or phenyl 
groups lends some support to the vi:-11 that at least part 
of the cytolocical action of II could be an "ethylenoimino 
effect", The lack or scarcity of chromosome broakaLes on 
treatment with II, which is still in doubt, would surest 
the opposite unless one considers that whilo froo radicals 
are always likely to interfere with the normal mitosis through 
the modification of proteins and nucleic acids involved in 
the mitotic process, there is no proof at present for the axiorl 
that all free radicals must cause chromosome broakace. Parther. 
more the nature of the 11- substituonts of othyleneimine deri-
vativos must modify the cytolocical effects to a considorCblo 
extent leadinc to chromosome breakae in some cases and to 
less drastic effects intorferinL; with normal mitosis in othors 
Triothyleno nelamine polymerizes at 70 00 at a pH of 7 • 0 •  
It reduces the swellin:; and water adsorption of roce Grated 
. cellulose (1), and h s promisin -_ antimitotic properties (5). 
If it is correct to regard the antimitotic offsets of II as 
related to those of triothylene melayaino, the chromosome 
contractlall. causeC by the latter could be explained by a 
similar dehydration of colloid elements, 
MyeElaeafgal_procedure.  
Bulbs of Allium _ccpa with young roots were immersed in 
double serial concentrations of the triazoles in water at 14 . 
180C, At intervals (4 hour multiAes) roots were remo.ed 
and fixed in acetic-alcohol 1:3, or in havashin fluid for 
24 hours at 14-18°C. (28-.4, cf. 22). 	Uhere toxic effects 
were indicated by transparency or lack of turLor, bulbs were 
transferred, with thorough washiw2 0 to tap water for recovery. 
Duriw-, recovery root tips were removed and fixed as above. 
Root tip material fixed in kavasnin fluid was embedded in 
parafinn 0 section at 13/1 and stained in crystal violet or in 
haematoxylin, Uaterial fixed in acetic.alcohol uas treated 
by squash oethods with aceto-orcein 0 or tbe Poulson differential 
stain (28-30, cf. 5, 0 0 15 0 241), 
Control bulbs were crown in tap water and in aqueous 
0 • 05% colchlcins solution (31, 32). Root tips used for 
controls were removed at te saTe time as treated.roots 
In order to separate cyclic fluctuations in the division rate 
from charkzes induced by treatment with triazoles, Control 
root tips were placed in muslin bass and processed together 
with treated root tips in order to exclude variations in 
depth of staininL 0 and degree of sTpiralization, inherent 
in fixation and staining, 
Slides were photographed usinr: contrast filtrs on 
9 cm x G cm Kodak ortho plates at maLnifications of 500 x 
and 1000x. Squash preparations were edge sealed Lnd 
• 
and photoLraphed before bein yade permanent in euparal. 
Csmera lucida drauinLs were made using a 1/12" 95x oil 
il.zdersion objecive and a 20x eyepiece, 
Obsoruations  
I in 1% aqueous solution for 10 hours produces sovero toxic 
effects frora which recovery is not possible, Recovery was 
possible after 4.8 hoursl treatment without significant physical 
or structural alterations with bhe exception of ra3zed nuclei 
and understaining in lculgen stain, Weaker concentrations first 
stop division, then cause death, 	II in a concentration of 
imediately suppresses division and recovery becomes impossiblo 
after 10 hours , treatment. Concentrations of 0,5% cause toxic 
effects from which recovery is possible after 24 hours but not 
after 28 hours, After 10 hours , treatment the rate of division 
approximates zero and toxic effects are evident, After 8 hours' 
treatment the rate of division is low but toxic effects are not 
apparent. The low rate of division in the phase of Increasing 
toxicity makes it difficult to find the number of divisions 
necessary to establish the effect of the treatment, 1J..reatment 
with a concentration of 0,1% produces sli[ht spindle die-
organization and the rate of division approximates zero after 
48 hours of treatment, Bulbs expooed to tills concentration 
for 2 months are not killed but grouth in length of the roots 
is supi.ossed and sliLht tumours in the elonLation regions are 
formed, Concentrations lower than 0,1% shou little effect 
during the first 3.5 days of treatment but the rate of growth 
is considerably reduced on lon'or treatment. 
Roots recovering from 1:..24 hours' treatment with 0,5% 
II show the followin: effects (Plates 1 to 8): 
a) Resting starr,.e. 
4-8 hours: Numerous brid,se binucleate and other multi. 
nucleate cells containing micro-nuclei. Extended periods of 
recovery show that bridge binucleates tend to be formed even 
after 24 hours of recovery. 
8.12 hours: The numbers of bridge binucleates and multi-
nucleate cells do not increase but single nuclei of ragged 
appearance, more weakly and unevenly stained, become common. 
Extended periods of recovery produce a sudden Increase of the 
incidence of bridge binucleates which continue to be formed 
for up to 4-5 days. 
12-24 hours: ilisshapen nuclei with increasins tendency 
of weaker Feulgen staining; increase in the size of nucleoli. 
In longer treatments a granulation effect in the cytoplasm 
is noted. 
b) Prometaphase  
The chromosomes are unevenly stained and less spiralized. 
A precocious separation of the chromatids is especially marked 
in recoveries from treatments of over b hours, 
c) fletaphase  
4-6 hours: The chromoso2es are markedly contracted (down 
to below 50 (/' of the control lengths in the case of 8 heursl 
treatment). There is little or no organization to a metaphase 
plate uith the consequent dispersed effect of treatment with 
colchicine. There 'is a transient tendency to form ball, and 
exploded metaphases. 
8-12 hours: The contracted chromosomes arc dispersed 
in the cell. The entire blocking of the metaphase decreases 
• 
with increasing recovery. The chromosones are weakly and 
unevenly stained with a vesicular appearance in the chromatids. 
Recovery shots eons cells uith po'siblo true diplochromosomes 
of 4-partite strcture. 
12-14 hours: All divisions are entirely blocked at metaphasi 
Ragged reversion states are comon, 
d) Anaphase. 
4-8 hours: There are scattered chrouatids and lagging 
with marked failure of some chromosoAos to divide at the 
centromere. This gives rise to some X structures typical of 
colchicine treatment but most chromatid arms remain parallel 
as in the case of treatment with sulphanilamide (39). 
8-24 hours: Uhere the blocking' of the metaphase is not 
complete the chromatids are dispersed at random and there is 
no orientation to the poles. Recovery restores normal spindle 
action rapidly but bridges at anaphase persist for several days. 
These bridges appear to be confined to sister chromatids although 
several doubtful cases of bridges between other chromatids have 
been observed. Owing to the similarity between the chromosomes 
of Allium cuas detection of such cases is difficult. Bridges 
seem to be confined to terminal end near-terminal regions and 
give rise to peculiar "psaudo-chiasmata" (Diagrams and Plato 9), 
The contracted chromatids are weakly and unevenly stained and 
have a regular vesicular structure vrhich appears to be loose 
spiralization. 	(Plato 10). 
e) Telophase. 
Lagging results in ragged shapes. Varying numbers of 
bridge connections are observed. The cell plate initiation 
fails or is delayed. 
III in a saturated solution slows down the lengthwise 
growth of roots but shows no toxic effects after 1 month 
of treatment. The rate of division is not appeciably 
altered over a period of several days but a tumour of the 
root appears after 4 daysl treatment. During further growth 
this portion of the root has a diameter about 25i) larger than 
the original diameter. Cells in this region show a lack of 
elongation. Divisions appear to be quite normal, Tetraploid 
cells appear in each root but these do not appear to bo more 
cou ,ion than what is normally expected (8). 
IV in a saturated solution has the sail() effects as III 
although the inhibition of lengthwiso growth is somewhat 
stronger. 
Discussion  
The weaker effects of III and TV in comparison with I or II 
may be due to the low solubility of the former in water. It is 
proposed therefore to oxtond those investigations to tests in 
acidic buffer solutions, 	le also propose to report on the 
cytological offects of a larger series of triazolos in duo tine. 
For the time being the discussion is restricted to II although 
this will cover to some extant I s III and IV the cytological 
effects of which differ from those of II quantitatively rather 
than qualitatively, It may be considered that II exhibits 
the following four effects: 
a) At low concentrations mitosis is inhibited without 
toxic effects apart from a slight contraction of the chromosomes. 
The spindle action is strong and the rate of division Increases 
to normal during recovery. 
b) Treatment with concentrations of 0.5% for short perflodo 
produces a 3oaerful c.mitotic effect with a rapid and complete 
breakdown of the spindle action. The threshold mute of this 
effect lies close to that of severe toxicity and can be 
demonstrated durin,T, recovery only. The most readily noted 
phenomenon under this heading is the contraction of chromosomes 
to less than 50% of tho control lengths, Otherwise the c. 
mitotic effect in its early stages resembles that produced 
by benzene vapour (9) and in later stages that produced by 
sulphanilamide (37), As in sulphanilamide treatment, the 
chromosome arms do not exhibit the repulsion between chromatids 
which leads to the typical X structures on treatment with 
colchicine, The chromatid arm lie parallel until division 
of the contromere or reversion occur, Eultipolar effects are 
not found and the (chromosomes are lightly and unevenly stained. 
The physical condition of the chromosomes at blocked 
metaphases indicates that reversion to the resting stage occurs 
without division of the centromere, Treatment with colchicine 
(26) or sulphanilamide (27) gives a similar effect which, 
however, is quantitatively less significant than in the case 
of treatment with II where this kind of reversion is more 
coumon than reversion after complete division. 'Owing to the 
much depressed rate of division detection of diplochronosorzes 
or of polyploid cells in the followinL recovery period is 
difficult. Hence it is not quite certain whether division 
occurs during reversion stages. 
During early stages of treatment and late stages of recovoriy 
division of the centromere occurs, 	filere the spindle action 
.5. 
is weak or absent either tetraploid nuclei result or the 
scattered chroDatids undergo reversion to form multinucleate 
cells. 	Ihere the spindle action is stronf„er there is evidence 
of ball and exploded metaphases. Reversion fro 2 this stage 
is again direct. 
e) A feature of the recovery is tlaz coon occurrence of 
chroQatid bridges and "pseudo-chiasmata" (Di rams and Plate 9) 
at anaphase. These continue to be formed for several days 
after treatment. Tolophases with several bridges are not 
uncou2on even though the spindle action has returned to nornal 
and the division rate is increasing. Bridges could be the 
result of reunion with or without breakage. However only 
a few doubtful cases of fragmentation have been observed 
and these are likely to have been caused by the mechanical 
rupture of stretched bridges. Hence frauaentation in the 
normal sense may be excluded. Since chroAatid fusion and 
sister reunion, if possible, without breakage, have only been 
demonstrated between chromatid ends, it seems unlikely that a 
mechanism is applicable in this case since many of the bridges 
are formed in a near but non-terminal position. It is suggested 
therefore that bridges result from either the failure of certain 
portions of the chromosomes to reproduce or to intercalary 
stickiness resulting from some surface phenonena. Reunion 
of sister chromatids has been shown to occur in aged seeds (A) 
and pollen grains (3). Structural changes due to ageinr, have 
recently been brought to notice in Alltam .9.2.22 seeds used in 
experiments by Darnard (7). A closer study of this phenomenon 
may reveal similarities between the effects produced by enzy- 
natic changes during aeeing and those evoked by antil:Atotic 
agents like the one under consideration, 
The stickiness produced by 11 results in features 
(cf. Plates 9 and 10) uhich are practically identical with 
those produced in Allium 22m by colchicine and cold (DIAucto 
(17, 18). Low ten?oraturo effects have been studied by 
DarlinL;ton and La Cour (21) and Barber and Callan (e.:). 
It is also of interest that stickiness is known to exit 
as a recessive in Zea ma's (10), Darlington has advanced - 
the theory that stickiness induced by cold is the result of 
nucleic acid starvation.which results in misdivision of terninal 
or noar-terminal chrovaosorie natorial (19, 20, 21 0 23). 
In the case of 11 somo evidence has been advanced that it reacts 
with nucleic acid and that there may be a gradual loss of 
of desoxyribonucleic acid on proloned treatment as shown by 
the gradual woakeniw, of the Feulgen staining. The inter-
action of 11 with proteins Introduces another possibility to 
explain stickiness but it is probable that the effects of any 
physical or chemical antimitotic agent on nucleic acids and 
proteins of the cell are not independent phenomena. °starer= 
($5) has shown that ethylene clycol produces stickiness In 0.25-121 
concentrations but in the absence of data on recovery fraa such 
treatment one may not regard as proved that stickiness is due 
to factors other than slow death in that case which is quite 
different from that of treatment with triazoles recovery from 
which still permits the observation of stickiness, A number 
of other compounds causing breakage and bridge formation have 
been reviewed by Loveless and Revell (35) who ascribe these 
effects to intercalary stickiness resulting from cross-linkaLes. 
• 
Allium cepa is not the best material to observe breaLac:os 
on treatment with triasoles. Tradescantia sp. (2n = 12) 
was used in some eRperients uith II which could be introduced 
into tho inflorescence by stondln% the end of the cat stein 
in a 0.5% solution. Variously blocked meioses and first 
pollen arain Eitosis were observed. r;:bero is also inter-
ference with the differentiation pattern within pollen crain, 
an effect hich can be produced by heat tree,tment. T710 
tsonerative and tube nucleus are randomly oriented and 
differentiation is not marked, On preltriinary evidence the 
appearance of fraspents iay be more coma= than in Allium 
d) At creator condentrations than 0.5% a General toxic 
effect appears which becomes very powerful at 1.07. The 
increase of toxicity is very steep at higher concentrations 
which may indicate severe denaturation of cell proteins. 
aplications of II, 
The rapid and total suppression of spindle formation and 
the contraction of chromosomes by II sumest taut it could be 
used in fast squash methods to facilitate the countin3 of 
chromosome numbers of species with lona' chromosomes. Thus 
the chromosome numbers of the Eulbine and Arthrotaxis species 
have boon determined in a few hours after treatment with 
a O. solution of II whereas the normal paraffin method requires 
considerably more time end labour and is unreliable. 
The toxicoloLical effects of II and III were tested by 
Prof. P.R. Shay/ (Department of Physiolosy, University of 
Helbourne) with whose permission the followins preliminary 
findixv,s are eonunicated. Intravenous injection of II In 
rabbit slows the heart rate and increases the respiratory rate; 
300 mg/kg is an almost fatal dose. About E:0 mg/kg of III 
causes nuscular spans and, is an almoet fatal does, A uild 
rabl:it tolerated daily intraperitoneal injections of 0.5 G. 
11 for two uonths without ill-effects, then suddenly its 
temperature began to drop, breathing and pals() became slow 
and death occurred a day after developing these sptoms. 
The post.morto,a showed normal liver and lungs. The heart 
MS considerably distended. The abdomen contained much fluid. 
On the internal surface of the abdominal wall and some parts 
of the gut there were numerous small haemorrhages which extended 
up to the level of the diaphracm, At four places there was 
marked adhesion of the bowel to the abdominal wall. The 
adhesions were tough and covered large areas. The kidneys 
wore almost globular and were very tou.Lh to cut they had normal 
colour and showed no gross internal changes. The left kidney 
adhered strongly to the roar abdominal wall. 
The action of II on a pure culture of brewer's yeast 
vas studied with Lis s E, Ashbolt. Details of this uork 
will be reported separately but the following observations may 
be of interest in connection with the present uork. On treatment 
with II young cultures of yeast acquire the morphological characte 
istics of old cultures. Fermentation is inhibited at II con-
centrations of 0.25 and more. 
Summar7  
1) 1-Phony1-3,5-dimothyl-1,2,4-triazole he.s four moll defined 
but overlapping effects on the root of Allium cepa: 
a) fhile recovery is still possible after 2 months 
treatment at 0.170 concentration, treatment for 
26 hours is sufficient to reduce the division rate 
to nearly zero and to hold it at this level in 
recoveries for several days. 
b) c-Nitotic effects induced at low concentrations 
but better studied at intermediate concentrations, 
=GU include tumor forwation, rapid and extensive 
suppression of spindle action, and a hi_h degree of 
chromosome contraction. Polyploic2./in cells is 
difficult to detect owing to the low division rate. 
This effect resembles that of benzene vapour or 
sulphanilamide. 
c) Intercalary sticking between chromosomes at anaphase 
is observed durinr, recovery and is not due to slow 
death. The understaining in Feulgen stain, the 
probable decrease in spiralization and larger nucleoli 
suggest interference with the nucleic acid cycle. 
d) Prolonged treatment or high concentrations lead to 
granulation in the cytoplasm and other general toxic 
effects. 
2) Under the investigated conditions 4-amino-1,2,4-triazole 
is more toxic and 1,5-dipheny1-1,2,4-triazole and 1,5- 
dipheny1-3-nethyl-1,2 0 4-triazole less effective than 1-phenyl-
3,5-dimethy1-1,2,4-triazole. 
3) In animal experiments 1 0 5-diphenyl-1,2,4-triazole is con. 
siderably more toxic than l-pheny1-3,5-dimethyl-l 0 2,4-triazole. 
4) l-Phenyl-3,5-dimethyl-1,2,4-triazole is superior to colchicine 
as an auxiliary reagent in squash method for the counting of 
chromosome numbers. 
5) Attention is draWn to possible correlations betueen the 
chemical and physical properties and the cytological effects 
of 1 o pheny1.3,5-dimethyl-l s 2,41-triazole. The denaturing 
proteins and the deterioration of desoxyribonucleic acid 
in aqueous solutions of 1.phony1-3,5-dimethy1-a s 2 0 ,1.triazole 
are noteworthy in this connection. 
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PLATE'', AND DIAGRAMS  
Plates 1 - 4 : 0.5% 1-pheny1-3,5-dimethy1-1,2,4-triazole treatment; 
the c-mitotic effects increase from 1 to 4 •(500x) 
Plate 1 : 
Plate 2 : 
Plate 3 : 
Plate 4 : 
4 hours' treatment 
slight contraction 
8 hours' treatment 
marked contraction 
8 hours' treatment 
marked contraction 
8 hours' treatment 
super-contraction , 
; recovery 12 hours ; 
, normal spindle formation . 
; recovery 8 hours ; 
, weak spindle action . 
; recovery 12 hours ; 
, very weak spindie action . 
; recovery 16 hours ; 
no spindle action 
illustrations of intercalary sticking 	( 500x ) 
0.5% 1-pheny1-3,5-dimethy1-1,2,4-triazole ; 
8 hours' treatment ; recovery 24 hours 
lagging and failure of division . 
failure ofdivision and intercalary tic1ng. 
telephase bridges . • 
1% 1-phny1-3,5-dimethy1-1,2,4-triazole ; 
8 hours' treatment , recovery 12 hours . 	(5t., reversion with and without division. 
0.5% 1-phenyl-3,5-dimethy1-1,2,4-triazole ; 
8 hours' treatment , 48 hours recovery . ( 2000x ) 
intercalary mtic:ing . 
chromatid structure 
Plates 5  -8 : 
Plates 5 - 7 : 
Plate 5 : 
Plate 6 : 
Plate 7 : 
Plate  8 
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Diagrams 	6 anaphaees showing interoala y  sticking ; 
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P, hours' treatment ; recovery 48 hours • ( a rox. 
L. 	EI'7CLOTIS EILOR ILVEOTICATIONS . 
The fol.:owing paper are sfubmitted in thip eection : 
1) J.B.I:OLYA, N.R.VAJ,LANCE : Lotem on the Chemiptry of Alkali 
Lignin. - Roy.Austl.Chem.Inet.J. , 1950 , 17 , 353 . - 
Reprints are not yet available . 
2) Notes on Organo-cobalt Compounds . - Thirl material ie 
beinc prepared foi publication with D.A.E.Brigce . It 
ie bed mainly on the honour e work of D.A.L.Brig.,:e 
who carried out hie inveetigations under the direction 
of the author . 
3) A.D.DA;ZAVILIE D.L.IGLEr* and J.D.POLYA : The Recovery 
of Organic Eaterial from Cobalt 1-Litrono-2-naphtho1ate . - 
This paper ha e been received by the Editor of the Journal 
of the f7ociety of Chemical InduFtry 
4) J.D.POLIA , B.WILcION Colorimetric Iliero-determination 
of Cobalt . - This paper has been pet up in punt by the 
Auetralian aournal of ^cience and in expected to cp,2ear 
in December 1950 • 	. 
5) The Preparation of 2-N1tro-4-cminopheny1areonic Acid - 
• Thie paper ha e been received by the Editor of the Journal 
of the r!ociety of Chemical Industry . 
By J.E, Polya, D.Sc., Tecien., 	 F.A.C.I. 00 and 
NJ:, Valiance, B i c. (eons.) (xx) 
The extr'ction of various kinds of lignin with acetonitrile 
(1) is expensive and the theoretical interpretation of the 
anomalous lignin values of the extrects is difficult. 	It has 
been decided therefore to concentrete future efforts on the 
investitation of one kind of Merlin at a time end to investi-
gate more convenient solvents only. Alkali linin precipitated 
from black liquor, obtained through the courtesy of Associated 
kulp and Paper A.11s, Burnie, has been selected for the first 
series of experiments. Attempts have been made to purify and/or 
to fractionate lioein by extraction with sik:le solvents and with 
a succession of solvents. 	in particular the possibility of 
effecting some measure of separation between liejiin corresponding 
to ‘',ifferent decrees of methylation was investigated. 	eetallic 
and acyl derivatives of lignin were prepared. The formation 
of plastic materials from linin and phthalic anhydride was 
investigeted. 
The optimum conditions for the precipitetion of liEnin from 
black liquor were investigated in experiments based on earlier 
work by Plunguian (P) and by the lest Virginia Pulp and Paper Co. 
(3). Ihe followin c_. methods were found to be most satisfactory: 
!Method lt, Black liquor is diluted with water to density 
1.2 and warmed to 40o6. Carbon dioxide is passed throueh the 
vigorously stirred liquid until precipitation is complete and 
tbe' 
then for a further 1F minutes. After heatir090 °C. and rapid 
coolinL to 40 00. the precipitate is filtered on a coarse paper 
x eenior Lecturer in Organic Chemistry, eniversity of Tasmania. 
Ifininarvnisr nr 
under suction. The precipitate is wished with cold water 
(4 times the volume of the black liquor), transferred to a 
beaker and stirred with cold water (6 times the volume of the 
black liquor) for 30 minutes, After allowinL to settle for 
16 hours the bulk of the liquid is decented and the precipitate 
is filtered under suction. The beaker is rinsed with cold water 
(half the volume of the filtrate) and the washin“1 are poured 
throudl the filter. The combined filtrates from the lest 
operations amount to nine times the volume of the original black 
liquor and contain 2 per cent, li:nin as sodium lignate. The 
filtered precipitates may be converted to a materiel with 0,34 
per cent, ash, consisting almost entirely of sodium salts by 
treatment with dilute sulphuric acid, 3odium lignate obtained 
by this method was used for the preparation of metallic derivatives 
of lignin, 
Method 2: Black liquor is diluted to density 1.2 with 
cold water then to ten times this volume ‘4ith boiling water. 
Sulphuric acid (2N) is added until effervescence ceaces and 
the solution is distinctly acid to litmus. The precipitate 
is allowed to settle for 2 hours, the supernatant liquid is 
decanted and the precipitate is washed twice with hot water 
(90 0C,, 5 times the volume of black liquor in each washing), 
the washins being removed by settling and decantation on each 
occasion, Finally the precipitate is washed in a similar manner 
with three portions of cold water (volumes as before). The 
precipitate ia sucked as dry as possible and air-dried at 









dioxane or benzene extracts was omitted. 	Pyridine , :ives an 
apparent extract of 112 per cent, with a nitroLen content of 
7 p,72, cent. The extract has a distinct odour of pyridine but 
does not lose nitrogen on prolonLed dryinL at 115°C; it is a tough, 
rubber-like resin. A full investigation of this extract has not 
been possible yet but the authors hope tu report on this natter 
at some later time. Yields and analyses of extracts with water, 
methanol, ethanol, ether, acetone and acetone-methanol are shown 
in Table 1, Cemprative yields of extracts for water and alcohols 
are shown in ble 2. 
TABLE 1 
Lignin Extracted by Various (Jrtmic Solv nts 
Solvent Extracted 
,. 
Yield of Kluson 
lignin 
based on 	based 
extract 	orii:. 
% 	lignin 
;:ethoxyl Content of 
Extract 
on 	based on 	based on 
extract 	orig, 
,-- 	licnin 
Water 16.3 82.1 13.4 13.99 2.28 
Methanol 56.3 89.0 50.1 15.10 8.50 
Ethanol 41.4 89.9 37.3 16.98 7.04 
Ether 6.4 52.4 3.4 21.80 1.40 
Acetone 58.2 89.9 5.3 16.36 9.52 
Acetone-,:ethanol C3 i0J 90.2 88.9 15.54 15.32 
5 OD 
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ieo.t. ropanol 58,1 
n.Lutanol 49,4 
iso-Lutanol 54,0 
The general trend of the results of Table 	is similar to 
that found by other authors (4,5) although they have been working 
with different samples of liLnin. 
As expected, the Klason liEnin yields from the water and the 
ether extracts are low in comparison with thet from the oriEimal 
lignin. With solvents like methanol, ethanol, acetone and 
acetone-methanol there is no significant difference between the 
Klason lignin yields from the extracts and that from the original 
lignin. At the same time the Me0-values of euch extracts appear 
to be reater, 	In the cases of tile methanol and ethanol 
extracts the increased Me0-values of the extracts may be ascribed 
to two causes; alkyletion of reactive hydroxyl Lroups and partial 
fractionation of liEnins with different Me0-values. 	In the case 
of ocetone extraction .?le latter explanation alone is plausible. 
The fact that the :'4e0..value of acetoneefethanol extracts is 
intermediate between those of extracts with methanol or acetone 
6 
alone is not in agreement with the alklylation theory. 
The aqueous extract is colloidal and coagulates on prolonged 
boilinE or standing. 6oh. coagulation must occur in the thimble 
durin,: the extraction. Under standard working conditions the 
experimental results are readily duplicated but it is clear that 
the water extraets are not comparable with the other extracts. 
Ether extracts are semi-transparent, light coloured, resinous 
:aterials melting at 55.57 °C. 	If the extraction Is carried out 
for 40 hours the extract is darker and has a higher meltin point 
(59-63°C.) while the yield rises from Ci.4 per cent, to 7. per cent. 
and the Klason lignin yield increases from 52.4 per cent to about 
57 per cent. Thc ether extract is incompletely soluble in ether 
and SOMA material precipitates in the, solvent flask duri% extraction. 
The extract is very soluble in lower alcohols, acetone, dioxane, 
pyridine and acetonitrile, moderately soluble in esters and N-di-
methylaniline s partly soluble in water ('0h) and slightly soluble 
in ether and hydrocarbon solvents, 	aper partition chromatoraphy, 
with petrol ether of bp, eo-loo°c., or cyclohexane as the mobile 
phase, established the presence of vanillin and syringaldehyde and 
two unknown compounds (41 and B). The averaLe total concentration 
of the two former compounds is of the order of 20 per cent with 
syrinaaldehyee predominettal. The two unknown compounds give 
spots which may be developed by 2 0 4-dinitrophonylhydrazine which 
establishes their carbonylic character. A has EF 1. 0 
(cyclohexane, 2000.) and nay be identical with the aldehyde of 
Bland and Cohen (6). B with BF = 0,25 may be identical with a 
postulated unknown al ehyde detected by ultraviolet spectrography 
in a sample of aldehydes from oxidised liLnin (7). On spectrographic 
is 7 
Lrounds the unknown aldehyde was expected to be the unknown 
3-hydroxy-4,5.dimethoxy-benzaldehyde (isosyrinraldehyde). 
A small : , niount of this substance has been synthesised and was 
shown to lave an F value of 0,25. The work involved in this 
synthesis has little to do with the present probl2m and will be 
published on another occasion, This experiment does not prove 
the identity of I, of course, 	In fact a spot with 11, = 0,25 is 
obtained with the material which precipitates from rIlcoholic or 
aqueous solutions of vanillin on standinE exposed to sunlight. 
If this material is tested imediately after filterinL and washinc 
with absolute alcohol to remove trees of vanillin it :ives stronL 
aldehydic reactions, 	On standinE the aldehydic properties dis- 
appear and the residue is an acid (n,p, 2E4-2C;G °C, with decomposition) 
very similar to or identical with dehydrodivanillic acid (s,p, 304 0C, 
with decomposition). The purification of this acid for analytical 
purposes is difficult and further work is required to r7larify its 
structure, 	In view of the small quantities and the instability 
of these unknown aldehydes no further data concernine their identity 
are available at present but further investie,ations are in procress 
and will be reported in due time. 
Boiling' water in excess removes the aldehydes from the 
ether extract, The residue is a brown material meltinE at 
70°C, On recr - stallizing from benzene pale yellow crystals 
(m.p, 103-104°C,) are obtained. 	Boilinc with 3 per cent sulphuric 
acid produces a weak purple fluorescence, The molecular weijht by 
cryoscopy in Namdimethyl aniline is 250+ 15, The substance 
decolftrises bromine water, 	It could be a stilbene derivative and 
will receive further attention, 
3 
Details of experiments with a succession of solvents are 
given in Table 3. The solvents are listed in order of use. 
Data on the residue from the acetone.imethanol extraction are 
given for comparison. 
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Although ether extraction removes vanillin, syringaldehyde 
and other low.smolecular weieht suLstances with high methoxyl 
content the extracts with subsequent organic solvents still have 
high methoxyl contents, The compositions of the various extracts 
in the multi-solvent extractions are closely similar to the 
compositions of extracts with single solvents. The methoxyl 
content of combined extracts and residue based on orieinal lignin 
is increased in each experiment which indicates that alkylation 
takes place to some limited extent and that the partial fraction- 
ation of lignins with low and high methoxy values cannot be caiTied 
out by this method. Me small residue from the extraction with 
acetone-methanol has characteristics of cellulose While the 
residues from the multi-solvent experiments represent insoluble 
lignin, eince lienin is almost quantitatively extracted by 
acetone-methanol alone, it appears that treetment with other 
solvents (ether and etnanol) renders the original lleinin partially 
insoluble in the mixed solvent, (.11is cannot be a simple alkylation 
effect since acetonesinethanol Is a better solvent than is acetone 
alone, ihe solubility of the residue left behind by acetone-
methanol in water is due to the colloidal effect mentioned before, 
No explanation cae be given for the reduced acetoneomethanol 
solubility of lignin after extrection it ether and ethanol but 
similar effects have been observed before (1). 
Metal lignates similar to those obtained by Brauns (8) have 
been prepared by adding metallic s!lts to a 2 per cent solution of 
sodium lignete. The lignates of lead, cobalt, mercury, tin, copper, 
nickel, zinc and aluminium may be formed by this method. 
Ferrous and menganous llenetes could not be prepared in leis manner. 
• 11 • 
The precipitates ape-eared to be a mixture of metallic hyci.roxides 
together with some free lienin since they were appreciably  soluble 
in warm ethanol or acetone whereas the true lignates are  insoluble 
in organic solvents, Lead licnote alone -was investleated in some 
detail °wine to its usefulness for the preparation of acetyl  lianin, 
aea.d 	te was prepared by adding an excess of a 10.20 per cent, 
solution of lead acetate to the 2 per cent, sodium lienate  solution. 
J. variation of the concentration althf.n thee;' limits did not affect 
the yield or purity of the lead. lignate. The precipitate of lead 
lignate was filtered, washed with cold water until the filtrates 
were free from inorganic impurities and dried in an air oven at 
fee „ The product is a dense I -grader, somewhat lighter in colour 
than the original 1 le rein; it decomposes on he at Ina . thout melt  in, 
The product has a load content of 39,2 per cent, and a 7:ie0 content 
of 8,73 per cent. against '13.1 per cent. Pb and 17.1 per cent, 
in Braunst product, The difference is due to structural causes 
'erauns • starting material has 	per cent, Me° against 
14,5 per cent, 1,100 of the Tasmanian alkali lienln. 	Cobalt lign.ate 
prepared by the addition of 1C per cent, cobalt acetate has a cobalt 
content of 11,7 per cent. 	A lead content cf 3O,2 per cent, in lead 
lignate should correspond to 11,1 per cent, cobalt (found 11,7%) 
in cobalt lignete and 8,7 per cent. sodium (found 8, per cent.) 
in sodium lie-Je te. This indicates that the :eetal lisnates are 
formed in accordance aith stoichiometric rules. 
Lienin was acylated by the folloaing method, • Lead lienate 
(30 	acetyl chloride (10.5 r,) an dioxane (200 ml.) were 
refluxed for 150 minutes, The insoluble lead chloride and 
lead liEnate were Mtered. ejle filtrate was concentrated 
and then .made up to 150 ml, The filtrate was divided into two 
portions: A (100 ml,) a d E (50 ml.). 4 was poured Into 
anhydrous ether (400 ml,), The flocculent precipitate of acetyl 
linin was filtered, washed with two portions of ether (50 ml, 
each) and dried in a desiccator over sulphuric acid, The product 
had a li:Lht brcean colour and weied 13.0 E, 	(Lignin: 7,6 per 
cent; qe0: 1^,1 per cent.; OH3C01 16.6 per cent.; m,p, 165-1700C.), 
Portion B was poured into water (200 ml,) and f:ried fieVt by washing 
with a great excess of dry ether and then in n desiccator over 
sulphuric acid, This method afforded 6.7 g, material ellich was 
identical in every respect with the product obtained from portion A. 
It should be added that tr4, melting point refers to the bulk of t'fle 
material ., thich contains a small trace of high meltin inorganIc 
impurity. Acetyl chloride may 1.e replocd b: - the equivalent amount 
of acetic anhydride, This should afford a product of greater 
purity by method B but no significant difference could be observed. 
From the analytical data it is seen that the molecular ratio 
of methoxyt to acetyl groups is approximately one. The minimum 
molecular weight of the acetylated compound is 257 calculated from 
methoxytand 252 froN acetyl determinations, One methoxyt 
group for each minimum unit of molecular weight 215 should 
correspond to a methoxyl content of 14,4 - 14.5 per cent, in the 
orilni losnanian lignin which is the experimentally found value. 
The solubility in orsanic solvent suELests that most of the lif:nin 
Is present in not too highly polymerised forms, The Pb/Me0 ratio 
In the Tasmanian lead lignate is almcst exectly three which suggests 
a high deEree of relative hmogeneity compatible with a preponder. 
ance of "monomeric)" forms only. 
- 13 - 
In view of earlier exeeriments in this field (5,9) t •e 
possibility of reactiril liEnin with phthalic anhydride to 
Give useful plastics has been tested, 	Lxperimental conditions 
were varied between the following limits: lignin/phthalic anhydride 
211 - 112; temperature 140 . 200°C,; reaction time 10 - 150 minutes, 
The first experiments wPre carriPd out in tne absence of plasticizers. 
The best results were achieved by heatin, liEnin (55 parts by weiGht) 
with phthalic anhydride (45 parts) at 175-185 °U, for GO elinutes, 
The resuitina product is thermoplastic (m.p. 	.nsoluble 
in ether and hydrocarbon solvents, elightly soluble in easters and 
chloroform, partially soluble without much decomposition in cold 
alcohols or ecetone and partially soluble with deaceeposition in 
hot water or hot ethanol, 	product is dark, lustrous and 
brittle, On plasticizinE with 5 per cent n-dibutylphthalate trio 
appearance improves, the material becomes less brittle, softens 
at 105 00, :ind melts unsharply o v er a ranEe up to 140 00, l'ae 
resistance of the plasticized m terial to hot eater is Greatly 
increased. 
digher ratios of phthalic anh7dride to lignin and/or lon L er 
periods of heating result in the sublimation of phthalic anhydride 
from the reaction mixture, Products obtained under those con. 
ditions melt around 180 00, and are similar to the phthalyi linina 
described by Erauns (5), Castor oil cannot be used as a plasticizer 
as it Lives sticky, semi-solid resins, 	Substitution of succinic 
anhydride or maleic anhydride for phthalic anhydride in these 
experiments rave inferior products. Lack of equipment prevent the 
investigation of the effect of pressure although this appears to 
6. 14 - 
be the only possibility to obtain lignin resins of potential 
usefulness by this method. 
The authors wish to acknowledge the valual)le assistance 
of Mr, T.ji, potswood,..Sc., i.A.G„ in connection with chromato-
graphic work and a Grant from the Tasmanian Forestry Commission, 
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NOTES ON ORGANO-COBALT COLPOUNDS 
The preparation of some orgsno-cobalt compounds has been 
described in earlier publications by D. L. Ingles and J. B. Polye 
(Nature, 1949, 164, 447; J., 1949, 2280). 	Dr. Ingles has been 
engaged on worv of a different nature since illy, 1949 and the 
other author lacked the necessary time and research facilities to 
extend substantially the original investigations. 	It is expected 
that suitable equipment will be obtained during 1951 to permit 
more intensive studies in this field. In the meantime some of 
the previously described experimL-nts have been repeated. Further 
analytical data and a few reactions which have been studied with 
D. A. E. Briggs strengthen the evidence for the organo-metallic 
character of the compounds under consideration. 	Further studies 
on aliphatic orgeno-cobalt compounds win be reserved for Dr. Ingles 
who has indicated his readiness to take up this matter again at 
the next available opportunity. Studies in Hobart will concen-
trate on the structure end cheNistry of organo-cobalt compounds 
derived from aromatic radicals. 
The 1-naphthyl and 2-naphthyl cobalt iodides have been pre-
pared by previousl described methods. Illth -)ugh the f)rmer obser-
vations have been confined on the whole in this new series of 
experiments the published work must be amended in one respect. 
It was stated that petroleum ether precipitates RCoI 3 ( R = 
1-naphthyl or 2-naphthyl) from the benzene extract of the reaction 
products of naphthylmagnesium bromides or iodides with cobalt 
iodide in ethereal solution whereas precipitation with dioxen 
yields compounds of the type R2CoI2 . 	In the recent series of 
experiments all solvents have been highly purified (with the 
assistance of 4. D. Jackson). 	This reduced the yields of the 
-2- 
petroleum ether precipitation and precipitation with highly puri-
fied (crystallized) dioxan afforded first RCoI 3 or R3CO2 I 5 (in 
the case of R = 2-naphthyl). 	The clear filtrate fro!, RC0I3 de- 
posited small amounts of R 2CoI2 	It would appear that RC0I 3 
is the principal product of the reaction if it is precipitated 
with petroleum ether. If dioxan is used for precipitation some 
decomposition occurs. The fact that the decomposition products 
appears to have simple compositions may indicate that the decompo-
sition occurs in well defined steps and that the later steps of 
the decomposition proceed more slowly than the earlier ones. 
The following analytical data (by D.A.E. Briggs) and yields 
refer to preparations from naphthylmagnesium bromides and cobalt 
iodide in ether in ill.° experiments. Previously published data 
are shown in brackets. 
1-Naphthylcob6lt iodides 
RC 01 3 
 
yield 46% (60%) 






Co 10.5% 10.3% 
66.4;i; 67.5% 
R2CoI2 	 yield 2% (55%) 
reddish brown crystals 
found 	calculated 
Co 	 10.3% 
44.6% 
-3- 
2-Naphthylmagnesium iodides  
i-ZC0I 3 	
 yield lf:,% (47%) 
decomposes at 164-166 ° (1600 ) 
yellow-grecn crystals 
	
found 	calculated  
20,8% 	 21.0% 
1.4% 	 1.2% 
Co 	 10.0% 	10.3% 
67.7% 	67.5% 
R3CO2 I5 	 yield 15% 
greenish grey solid 
found 	calculated 
30.2% 	31.6% 
2.4% 	 2.3% 
Co 	 10.8% 	10.3% 
53.3% 	 55.8% 
This material was obviously impure. 
R2C0I2 	 yield 1% (less than 1%) 
reddish brown crystals 
found 	calcula ted  
Co 	 10.7% 	10.3% 
44.3% 	44.8% 
Reactions of the naphthylcobalt iodides with methyl iodide fa: 
ed to give the expected methylnaphth.alenes and only smell amounts 
of dinaphthyls were recovered from the reaction mixtures. 
1-Naphthylcobalt triiodide was successfully reacted with acetyl 
chloride and benzoyl chloride to the expected ketones. 	In the 
2L-naphthyl series the reaction with acetyl chloride wao successful 
-4- 
but that with benzoyl chloride failed. 
1-Naphthylcobalt triiodide (1.0 g.) was mixed with acetyl 
chloride (5 cc.). 	Cobalt chloride end iodine were formed immed- 
iately. 	The mixture Was allowed to stand for one hour then 
heated on a water bath for two hours. More iodine was liberated 
during heating. Aft,r cooling, the mixture was diluted with 15 cc. 
iced water and extracted with ether. The ether solution was wash& 
with sodium carbonate end sodium thiosulphate solutions and finally 
with water. ifter removing the ether the residual brown oil was 
converted to the semicarbazone of methyl 1-naphthyl ketone, 
m.p. 235 (after recrystallization from alcohol). 	The yields 
were 12-18 mg (3-4.5%). 
Similar experiments were carried out with RC0i 3  and R3Co2 I 5 
(R = 2-naphthyl), the latter being a somewhat impure product. In 
this case the residue left behind after the evaporation of ether 
was recrystallized twice from petroleum ether (70-900 ) to give 
methyl 2-naphthyl ketone, m.p. 52-53 ° , identified as the semi-
carbazone, m.p. 236-237° . 	The yields from ROoI3 were low (6-8%) 
but one experiment with the impure R3002 1 5 gave a yield of 47%. 
1-Naphthylcobalt triiodide (1.5 g.) and benzoyl chloride 
(5 cc.) were allowed to stand for one hour. No visible reaction 
occurred. On refluxing gently for 90 minutes iodine and cobalt 
chloride were liberated. The product was worked up EIS in previous 
experiments but the residue left behind after the evaporation of 
the ether was recrystallized 3 ti,es frot, aqueous alcohol and 
afforded phenyl 1-naphthyl ketone, m.p. 72-73 ° , identified as the 
oxime, m.p. 140-141 ° . 	D. A. E. Briggs obtained 0.46 g. of the 
ketone (75%) while the author obtained lower yields of 54-61% in 
C 	 C• 	LT 
1-NITROSO.P.NAPHI1iOLAE,  
Ey A,D, DARGAVILLE, D.L. 1NC1ES and .7,X, PU;YA 
:-..1UJAPY$ The decomposition of cobalt 1.nitroso-2- 
naphtholate by,sodium hydrosulphite Eives cobalt 
sulphide and 1-anino-2-naphtho1 in good yields. 
Attempts at the electrolytic oxidation of the latter 
to 1.nitroso-- -na:ththo1 were unsuccessful. 
In the electrolytic process of zinc manufacture traces of 
co alt (a out PO mg/litre) must be reAoved from the zinc sulphate 
solution before submittin tae latter to electrolysis. This 
is convenicntly achieved by precipitatiaL the cobalt with 
1.n1troso.2-naphthol prepared in situ from sodium ".naphtholate 
and sodium nitrite followed by sufficient sulphuric acid to 
make the 2.. action mixture faintly acidic (about 0,1 c, sulphuric 
acid per litre on complet i ng the rection). 	After neutralizin,. 
with lime th ,I.-cipitate is filtered, purified by flotation 
and worked up for cobalt, qhe ori: anic material is destroyed 
in this process, Although P.mtaphthol is cheap in comparison 
with cobalt, the loss of or6anic materi;Al is costly When 
operations are carried out on a large industrial scale, 
present 7ork has been carried out in order to test the 
possibility of recovering some or all the organic mr.terial, 
perferably in a form in which it could be returned to the 
process. 
Cleavae of cobalt 1.nitroso-2-naphtholate - "as attempted 
in 8e:21i-quantitative experiments with acids, sodium. hydroxide, 
hyeroren sulphide, soeium sulphite and sodium bisulphite. 
Sodium are .1cohol led to a darkenin6 of the cobalt complex, 
Oxalic acid or hydrocen sulphide incom!.detely precipitated 
eobalt after this treatment but the or:arle residue Me too 
complex to ,)ermit analysis. 	In view of the ready reduction 
of 1-hitroso-9*haphthol to l*amino 'unaphthol by sodium 
hydrosulphite (1) the effect of this reacent on he co alt 
complex was tried. Colalt sulphide was recovered in a yield 
of P1,0 and 1.amlno* *naphthol (as hydrochloride) in a yield 
of up to 7(),(),, . 	The latter compound was oxidized to 1,''- 
naphthsquinone by iieserls method ( ) with a yield of 9e4;„ 
gydroxylamlne hydrochloride converted 1,'1*naphttacquinau - to 
7.nitroso*I-napnthol in 70 yield, 
P.Vitroao*l*naphthol mhy he used Instead of l*nitroso. 
r.naphthol to .recipltnte cobalt. 	hii - ardle3s of he obviously 
Lineeonomic natl,re of re-ctions involvinl the use of hydroxylamine, 
•xi-.mrlarnts aPre carried out on the cleewage of cobalt '7unitroso. 
lanaphtholate by sodium hydrosulphite, In this ease 93i of the 
eobalt was recovered us sulphide but only Pe ., of tte theoretichl 
amount of ", ..amino.l.naphthol. Oxieation with ferric &Acrid') 
Lave low yiel6e of 1.1'..ctophthequ1none, 
The 'nvestiLntione of Conant and Vratt (3) threw 6oubt on 
the pOssi ility of the coutoical oxid , tion of 1..f'-naph1thol to 
l*Litroso*P*naphthol, gleetrolytical oxidation appeared to be 
somewhat more proLlisin6, fXperinents were carried out wIth a 
platinum electrode surro ._nr'ee by a pore vessel and viorous 
stirrin. -, of 	e room between the porous vessel and the anode. 
alb 3 
Lead anodes wore unsatis•ctory in zJolutions containinc 
chloride or sulphate ions in the presence of which deco ' position 
potoetials of 0,50 and C ilt.i8 volts respectively have been noted, 
In alkaline solutione oxide film formation on the lead anodos 
m: do the determinntion of decomposition potentials Aii -ficult. 
Carbon al: odes proved satisfectory with decomposition potentials 
of 1,43 and 1,66 volts respectively in the presence of chloride 
and sulphate ions, In alkeline solutions, however, some 
trouble was ex?orienced owinc to the forraation of mellitic acid. 
The hydrochloride and sulphate of 1.amino.lunaphthol were 
electrolysed in 0.0C1 nolra. solutions -.with current Censities 
r 
of 1,C■ • 4,3 micronmpI/ am „ :otetials or 1J, ..^, -_ , volts, NI 
values of 1.L. • 13„C, at roam tenperatJre and at 20°C, for 
2 1/2 • 15 hours, between these wide limits substantially 
the salse resulLs were obtained, 'ihe solution _:ra(luelly 
darkened and :!- precipitate w . As forncd, Mis consisted- mainly 
of 1,''snap1ithoquinone which occasionally occluded traces of 
nitror:enous material, 
Electrolytic oxidation of both the eulpi:;ate and hydrochloride 
of 1.aino.4'..naphthol procoedod smoothly to 1,..naphthogulnone 
at poteAials below the decomposition potential of the cell, 
in acid solutions 1.amino..'•naphtho1 is stable to 
atmospheric oxidation a,:d the formation of 1, -, naphthocuinone 
must bp due to e1ectrol7tic oxidetion, 	In alkaline solution 
oxidation to the quinoe proceeds in contact with the atmosphere 
alone. Flectrolytic oxidation in Ukaline med1.1 proceeds much 
faster thnn in ncidic solutions, in spite of the greater current 
4 
density in the latter, an efforde red quinoid pigments in 
addition to 1,Punaphthoquinone. 
•eltion of cobalt sulphnte in 0,0006 . 0,02U molar con.. 
centr tions did not result in the precipitation of cobelt le 
nitrosoen.naphtholete, in some experiments orloroform vats 
stirred witft the solution to faollitete the removed or the 
cobalt complex. Bed solutions obtalned in this Lv-riner did not 
contain cobalt. The only eff.rot of addition cf cobelt was the 
gradual deposition of cobnit sesquioxide, Ihe same effect was 
note' When a s turated solution o 1 . ..naphtoquinone w s added 
to solutione of cobalteun salts, 
Sumenarisin., the experiments Indicate tant tee theory of 
Conant end reitt on thr oxidation of reeinonaphthols applies also 
to electrochemical oxidation, Pram a eractical point of view, 
it has been demonetrated tiat tIlo organic portion of cobalt 
1enitresoe'enaphtholute may be reoovere0 in useful yields althouji 
not in an immediately useful form for the requirents of ttle zinc 
industry, The hieh price of 1, - .naphthoquinone awc.este a 
profitable outlet for t: recovered leureino.2.nephthol if the 
present limited use of the An-4er could be exp 	•.ternrotIvee 
ly leatino.^enaphthol caul be converted to phthalic anhyeride. 
On ordinery oonsiderations this may appeer s o icsteful process 
but s;nee tne usual process secrificee the Whole of the orE.enic 
material even a limited recovery nii,:ht be of economic value, 
This elegy be particulerly uo if the implied e'ving of naphthalene 
derivatives would help to red oe dollar expenditure, 
EXperimental  
Cobalt 1.nitroso.- .nu.phtholqte (24 	is dried and 
suspended in ht-i sodium hydroxide solution (300 co.). sodium 
hydrosulphite (80 g,) is stirrPd in at 35 ° , An exothermic 
reaction raises the temporature to bb.70 0 , ;4•ter stirring 
for 30 minutes the co alt sulphide is filtered off and w:43bed 
with warm water, Acidification of tilt:0 filtrate with hydro. 
chloric acid followed t , y r-crystallization from hot water 
afford 11,r' . 17,1 z, 1.amino.r`.naphthol hydrochloride 
Cobalt 2..itroso4.n!lphtholate (g o ) by the same procedure 
gives !'.amino.lunaphthol hyrocloride s 2,3 g, 
authors wish to acknowledge a cenerous grant from 
the :qectrolytic Zinc Co, of Afasia Ltd, and a Conmonwealth 
hesellOch Orant, 
1) C-nant and Corson: Crg, ynth„ Coll, -Jol, 	33) 
P) nosey: ibid., 430) 
3) Conant rzAd vratts J. .Amer, Chem, .00., 1S28, /As 3178) 
Colorimtrio 211.cro.det 	 of cobalt. 
by 3.0. Polya and 13, Wilson 
Brnaidine and dimethylElyoxime in alcoholic solution 
produce a reddish brown oolour with neutral or slichtly acid 
solutions of cobalt. 	(Lraley Hobart. 3. ice, Chen. soc, ata 
462, 19'11; Cnirotttno, Ine, Chimica b. 3f'. 2.933). 	In dilute 
solutions the taLtert.ever law is obeyed accurately enough. 
Nickel and copper are vrocipitated by the reagent and may be 
rooved by filtration, Iron Interf:res hut morc tivm BG parts 
of iron are needed to give a colour equivalent to that produced 
by one k art of cobalt. Tho method is useful when reasonably 
pure cobelt compounds arc bein6 investiated (diffusion experimente s 
ork.anic cob it compounds eta.). 
Proceduret 
1-'ens1dine (0,5 	and dimothy161yoxime (0.2 g o ) are 
dissolved in ON, ethanol to make 1C ,0 cc. cc. of the reagent 
is mIxed Tith t cc, of neutral cobalt Oolutlon nr diluted to 
95 cc. with absolute alconol, 	A mixture of r) cc, reutient, 	cc. 
distilled water and 1.5 cc, absolute alcohol is used as a blank. 
The Intensity of the col •r is measured witn a hilger absortio. 
aleter, 	4 ell cells are used. 	nue filters (i 05) cive the 
best resultss with a ijieen filter the rf4adioe Eqie too lcm and. 
with a parple filter the colour versus concentrtion curve is not 
steep enough, 	It is best tc curry out.t_x assay one hour after 
producilv the colour as the intensity versus tine chttnge is 
negligible taen, For approximative analysis the followirv 
table can be usedS 
prxmimialutini; 09./ co t 
0,05 0 	(1. 
0,10 0,00f! 






0 •80 0,019 







For accurate purposes the instrument is oalihr ted with a 
standard cobalt solution diluted to C 000BA tar lower , noneentrationa 
(hicher c ncentrations Omi . unreliable results), 	Ants 
between 20 gal:mas irld a nllligrsm of cobalt civi be estilr.Eted 
with the usual microchemical accuracy. 
Chemistry epartment, 
University of Tasmania, 
110kAPT, 
• 
THE PREPARATION OF 2-NITRO-4-AMINOPHENYLARBONIC  
ACID 
By J. B. Polye, Cheuistry Department, University 
of Tasmcmie, Hobart. 
.3ummery: Full experimental details are reported 
for the preparation of 2-nitro-4-ebiino-
phenylersonic acid from p-phenylenedi-
amine. 	Although the overall yield is 
17-22% only the [lethod is more satisfac-
tory than other syntheses. 
In the course of investigations of the cheLds-
try of substituted ersanilic acids with Dr.W.Freund 
substantial amounts of 2-nitro-4-aminophenylersonic 
were required. This substance ty be synthesized 
by converting p-phenylenediataine (I) to diacetyl p-
phenylenediamine (II), nitrating the latter to its 
mononitro derivative (III) which on controlled hydro-
lysis gives 2-nitro-4-acetamidouniline (IV). 	The 
lettcr (lay be converted to the corresponding ersonic 
acid (V) and then hydrolysed to 2-nitro-4-aminophen-
ylereonic acid (VI) as described by Haythollithweite 
(1) or the two operations may be ccrried out in 
succession with-ut isolating V (2). In eith-r case 
the preparation of IV is the Llost difficult step. 
Alth-)ugh the preparation of this compound has been 
described befor, the published experimental details 
are scanty and yields ere not given in the literature. 
The combination of the Bert reaction and hydrolysis 
in one step has been recorded in a patent claim only 
-2- 
which does not give sufficient directions to isolate 
the required co pound. 
The conversion of I into II has been reported 
very briefly by Biedermann and Ledoux (3) wittrAit 
any quantitative data save for an epproxirmte melt- 
ing point determination. 	The following method gives 
nearly quantitative yields. Glacial acetic acid 
(1500 g.) and I (432 g.) are mixed in a 3 litre round-
bottom flask attached to a 24" Young-Thos column; 
250 cc. of the solvent iu distilled (at about 108 ° ) 
over a period of 2 hlurs, fresh glacial acetic acid 
(300 cc.) is added and the distillation is contin- 
ued until the distillate amounts to 400-410 cc. At 
this stage the mixture begins to bump owing to the 
separation of solid Imtter. After co'lling to room 
temperature the grey-violet crystals are filtered 
and washed with ether. Air drying on porous plates 
affords 630-644 g. material melting at 301-303 ° 
which is satisfactory for the subeequent operations. 
Concentration of the mother liquor to 500 cc. affords 
more material of similar quality to give a total 
yield of 680-690 g. (89 - 90:;). Further concentra-
tion of the mother liquor aftords small amounts of 
Impure II. The crude product may be purified by 
recrystallization frota 60 parts by weight of glac-
ial acetic acid and treatment with Norite. The pure 
material melts at 303-304 ° but the first crop iu ob-
tained in a yield of 25-266. The crude product may 
-3- 
be obtained in slightly higher yields (91-93%) by 
increasing the amount of glacial acetic acid to 
2300-2400 cc. and the colour may be improved by 
carrying out the ocetyletion in the presence of 0.1 
g. hydroquinone. 
The nitration of II to III has been described 
by Biedermenn (4), Ledenburg (5) and Bllow and Lenn 
(6), 	Apart from the statement of Ladenburg that 
the yielde are good, these authors did not state 
their yields. The recommended procedure is based 
on the method of Bulow and enn. Ice-cold sulphuric 
acid, sp. gr. 1.84 (3840 g.) is well stirred in a 3 
litre round-botLoLl flask cooled in an ice-salt bath 
and II (384 g.) is added in small portilns over a 
period of about one h)ur so as to keep the te .pera- 
o ture between 15o and 20 • 	The resulting viscous 
solution is cooled to -10 o in a carbon dioxide - eth-
er bath and is nitrated with a chilled mixture of 
nitric acid, op. gr . 1.40 (192 g.) and sulphuric acid, 
sp. gr. 1.84 (384 g.), The nitrating mixture is add-
ed slowly with good stirring over 13 period of 50-G0 
minutes to maintain the teuperature of the reaction 
mixture between -70  and -40 . After adding all the 
nitrating mixture the flask is allowed to stand at 
-100 for 2 hours. It is poured then on 20 lbs, of 
finely crushed ice, diluted with 20 litres of cold 
water and filtered by suction as rapidly as possible. 
The yellow precipitate is washed on the filter funnel 
-4- 
with. 10 litres each of cold water, i%; sodium bi-
carbonate solution and cold water again. The pre-
cipitate is transferred to a beCker and stirred with 
3 litres of cold i% sodium bicerbonete solution for 
5 ridnutes, filtered and washed rapidly with 5 litres 
of cold water in 3 portions. , oe materiel is loot 
In these operations which, however, were found to be 
essentiel to reiiove truces of inorganic acids from 
the materiel. It is advisable to continue the wash-
ing of the precipitate until the test for sulphate 
in the filtrate becomes negative. If this is omitt-
ed the preparation may deteriorate on keeping and 
may undergo partial hydrolysis during recrystolli-
zation from water. There is some decomposition if 
the material is dried at 105o . 	It is bert to air- 
dry on porous plates and to complete the drying in 
a vacuum desiccator over caustic alkali. The crude 
product is obtained in a yield of 397-417 g. (84-B8), 
melts at 180-182 0  and i,i)y contain up to 1.2, ,,oisture. 
This mat•riel is satisfactory for further operations 
but may be recrystallized from 40 parts of boiling 
water with a lose of 8-11%. Ther ic analysis shows 
that III has two crystalline modifications, one with 
the previously recorded melting point of 186 ° (5) 
and an unstable modification melting at 1740 . 
The hydrolysis of III by concentrated aqueous 
ammonia (6) gave negligible yields of the order of 
1A; (cf.Lf). Boiling the substance with 8 parts of 
-5- 
10 aqueous potassium hydroxide for 10-20 minutes 
afforded nitro-p-phenylenediaf_ine, m.p. 134 ° , in 
yields fluctuating around 40-;. 	Hydrolysis by dilute 
mineral acids could not be controlled and hydrolysis 
by borax, trisodium phosphate or sodium sulphite was 
incomplete. Hydrolysis by dilute barium hydroxide 
(6) gave consistent yields 56-62:4. The following 
procedure was found to be satisfactory. 	III (100 g.) 
was stirred into 5 ; aqueous sodium hydroxide (4000 cc.) 
at 65° , kept at 65-90° for 50 minutes end allowed 
to cool in the refrigerator over night. The preci-
pitate was filtered and washed on the filter with 
N/10 hydrochlooric acid (50 cc.) to remove traces 
of nitro-p-phenylenediamine. In addition to 62-67 g. 
material obtained in this way and additional 2-3 g. 
could be recovered by saturating the mother liquor 
with sodium chloride. The crude yield of IV is 
64-70 g. (76-65%), m.p. 181-2° . 	Recrystallizotion 
from 30 parts of boiling water reduces the yield  to 
60-64 and raises the melting point to 189 g . , inee 
the melting points of III and IV are closely siLdlar 
and even the colours riey be siHiler depending on the 
size of crystals (III : pale yellow to orange red; 
IV : bronze red to brownish purple) analytical check-
ing of the product is cc entiel. N found 21.41, 
calculated 21.54,4 molecular weight found 203+11, 
calculated 195. 
The conversion of IV to V by Haythornthwaite's 
-6- 
method (1) has been re eoted and yields fluctuat-
ing around 46% have ben confirmed. However, the 
losses on hydrolysing V to VI by dilute alkali end 
precipitating at pH 5.0-5.2 were considerable and 
the overall yields of VI from IVveried betwe‘n 22% 
and 27-,Z. 	Hydrolysis with dilute sulphuric acid 
(2) gave better yields (32-35) but the product was 
contaminated with m-nitrooniline (1). 	A modifice- 
tion of Ger. Pat. 267307 appears to be setisfactory. 
IV (65 g.) is slowly stirred into concentrated hydro-
chloric acid (280 cc.) with external ice-salt cooling. 
On adding ice-cold water (400 cc.) a stiff paste of 
brilliant red colour is formed. This is diezotized 
end stirred into a solution of sodium orsenite (134 g.) 
In water (300 cc.) at 20o The tei:Ternture rises 
to about 250  and (lost of the retction is coL,plete in 
one hour. The mixture is heated to 60 0  for one hour 
and filtered. l'efluxing for 4-5 hours followed by 
chilling should afford VI aceording to the patent. 
Thif- , however, does not occur to any great extent. 
It is beet to odd concentrated hydrochloric acid 
(100 cc.), concentrate to 600 cc. on o water both, 
adjust the pH to 5.0-5.2 by the careful addition of 
sodium carbonate and sodium acetate and the volume 
to about 700 cc. 	After cooling the precipitate is 
filtered and the filtrate is conce-trated to bon cc., 
adjusting the pH to 5.0-5.2 if necessary. On chill-
ing o mixture of organic and inorganic material is 
-7- 
obtained. 	The forLier is extPacted with methanol 
in a Soxhlet apparatus. The first crop and the con-
tents of the methono, extract are combined and recrys-
tallized from 50 parts of boiling water with Norite. 
The filtrate is concentrated to one quarter of its 
original volume. un chilling 33-42 g. (36-46) VI 
is obtained. The orange-red substance dorens slow-
ly from 235-2400  and melts unshorply with decomposi-
tion at 255-258 °. N found 10.62, colculated 10.692'; 
As found 27,97 calculated 28.60%. Atempts were 
mode to prepare V by Scheler's method following 
Dook's procedure (7) which has been found sotisfactory 
for the preparation of some substituted phenyl-
ersonic acids in this laboratory but the yield was 
Inferior to that of Hoythornthwoite (1) and the 
product was contominvted by arsenic trioxide. 
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